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ABSTRACT

A general—purpose cross—assembler is described . The cross—assembler ,

written in PL/I, has been implemented on an IBM 370/168 using the time—

shar ing Conversa t ional Moni tor System (CMS). Absolute binary object code

• 
will be produced . Although the cross—assembler has been designed with the

intention of assembling code for various microprogrammable machines , even

code for conventional minic omputers has been assembled .

Use of the cross—assembler is discussed assuming a CMS environment.

Included are the disk—resident files to facilitate an assembly . Various

pseudo—ops , or assembler control statements , are used to describe the

machine for which an assembly is done. An example of using the cross—

assembler for a parallel microprogrammable digital signal processor (PMP—I)

is discussed.
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INTR ODUCT I ON

A g e ne r i l —p u  r ’ - ~ ~ • h ~-~~I u t e  r - ~~— i s i t ~mb h r  h a s  been ~- - r i t t  in  P I • !I  to

run  on an IBM 3 7 0 ’ l  h~~, i ~~ I pt  met • i l , O ~~~I I i c  c~-mma nds  t o  dP - f i n (  a m a c h i n e , and

• t hen cr o s s— a s s em b  1 e d -  • t h i t  ~t - r - - de f  i no d  n~ 1( h  I n c .  h e  c r .  - s — ; semh l er

• has been used t i nd er  I RN ’ s t im c— ~.h ir  i ng C o n v t - r - ; j t  i on a  I ~1en i t  or S’; :- t e r n  ( CN S)

and t h i s  repor t  w i l l  0 ~cnss  t u r - ~— i .~scrnh icr  in  t h a t  en ’’ I r n n ~ -n t

To begin , h i  us e x a m i n e  h~- evo l u t i n il  h i ~~t r ’.- I t h i s  :r s — a s s t r n H e r .

Earl y in 1975 , wor k we-  beg in i t  M . 1 . I . Li n t  I n  L ab or ; :  or ’; ‘0 a P ar: l 1  it  I

M i c r o p r o g r a m m a b l e  P r o c e s s o r  (kn own ~is t h e  I’~I I o r more  spec i i  I c i i i  Y . ~1~~— 1 •~
This mach ine  was des igned  to he a h i g h — sp e e d , pr o  r~irnrniih Ic , s i ;n a l  p r ’ -cs~~ ’r .

In para l I i i  w i t h  t he  c o n s t r u c t  ion of  t hc  h a r d war e  • a s et  o f m i c r o in s t  m e t  I ‘os

fo r  the P~W was developed . 2 
T h i s  led  t o  t h e  eon - l i t  ion  of a c r o s s— a s s e r nb  I or

w r i t t e n  in P L / I  to  run on t h e  TB N 3 7 0j 1 ~~ t o  i s s u r n b le  m n em o n i c s  and ~ r d i i e

3 ,~ iob jec t  f o r  t he  PMP

As t i m e  progressed , a new “ers  ion of t h i s  p r n & s s r , name I v  ‘~~1 — l 1 , was

• proposed . This  coupled  w i t h  t h e  inc re - is ing  use of p rog rammab le  mi I p I  e-

sor s  in o the r  a p p i t e at  ions lead to the  c r e at  ion of a g e n e r a l — p t l r p c c i - ci ’ s—

assembler w h i c h  a c c e p t s  as i n p u t  m e t a l an g u a g o  commands  w h i c h  c o n t a i n  such

in format ion  as word l eng th , memory s ize , b i t  m e a n i n g s , e t c .  Th i s , t h e n  is

the  vers ion of t he  c r o s s — a s s e m b l e r  to he d i s c u s s e d .

The r ema inde r  of t h i s  memo is d i v i d e d  e s s e n t i a l l \  m t  two  m a j o r

sec t i o n s .  The f i r s t  of these  sc -i i on s a t t e m p t s  t o  l oo k at  t h e  & - r o s s — v:~~, -r l er

in t he  genera l sense , and a t t e m p t s  t o  exp l a i n  t he  m e t a l  ~n g u i c t  ‘n

neces sa rY  to a s s e m b l e  -o d e  f o r  a p ar t  i c u l a r  mach in c .  I t  h .~ ins  l v

1
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explaining the input language rules antici pated by the cross—assembler. This

section may seem unusual to those familiar only with minicomputer code , since

the cross—assembler allows several microinstruct ions to be coded on the same

l ine and assembles these into the same program memory word .

This is followed by a discussion of the files which should be created to

cross—assemble code for a machine. These files typ ically contain all the

necessary metalanguage statements , thus the programmer is not required to re-

peat these at the beginning of all programs . The available pseudo—ops are

then discussed in d e pt h , exp laining when , where , and why they should appear.

Sec t ion  1 is comple ted  w i t h  a d i scu s s i o n  of the  fo rma t  of the  o b j e c t  b ina ry

file output by the  cress—assembl er. This section should be extremely helpful

b r  the user who must create a program to convert cross—assembler output to

some medium which is acceptabl e input to the machine fo r  which cross—assemb l y

occur red .

The second section of this report is dedicated to an examp le of the

cross—assembler in a c t i o n . N a t u r a l l y ,  due to the parentage of the cross—

assembler (and familiarities of the author) the sample machine chosen for

this examp le was PMP—I. It is hoped that this discussion , along with the

control files for PMP—I appearing as appendices , will give the user enough

i n f o r m a t i o n  to ex tend  the  c r o s s — a s s e m b l er  f o r  the  p a r t  i c u l a r  m a c h i n e  des i red .

This section should also serve as a user ’s guide for the PMP—T programmer.

At t h i s  p o i n t  i t  s hou ld  he st . ress ed t h a t  t h i s  c r o s s — a s s e m b l e r  h a s  been

designed t o  p roduce  a b s o l u te  b i n a r y  o u t p u t .  I h i s  imp l ies  t h a t  fo r  a m a c h i n e

wh ich does p r ogram c o u n t e r  r e l a t  t v t  a d i r o s s  i n g  t h e  bu rden  of c o d i n g  p rogram

cou nt  or  rd a t  ivy  - ) n s t  a n t s  i s  I ~ f t to  the  u s e r .  One must  st ib t  r a c t  t h e  va l  tie
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of the current program counter in order to obtain a p r o g r a m  counter relative

constant (e.g., if LABEL is to be expres ed relative to the program counter one

would need to code LABEL_*).

Although it was the intent of this cross—assembler to assemble microcode ,

code for conventional minicomputers may also be assembled . In t h e -  l a t t e r  case
1

the user would define all instructions belonging to  t h e  same non—zero ex-

clusivity set , thus indicating to the cros~ —as semhler that c m l v  one in-

struction per program memory word will be allowed.

As a final note , perhaps some mention of the  a r c h i t e c t u r e  of t h e  c r ss-

assembler itself is itt order. The cross—assembler p~ rfomm s only one—pass.

but a provision for forward referencing of variables (i.e., using a l abel be-

fore its definition) has been built in. This imp lies the cross—assembler must

be able to access program memory locations which have been previously as-

sembled , in order to resolve any forward references t o a l abe l a t  t h e t ime

of definition . The solution to this has been t o  maintain a ccro— rt-s jdent

array of all possible program memory l o c a t i o ns .  S i n ce  t h i s  may r e qu i r  c on-

siderable working space for machines with large program m e m o r i e s , t he u se r

has cont ro l  to  spec i f y via the  . DARCH p s e u d o — o p  w h i c h  po r t  ion of m e m o r y  m u s t

be generated , and t h e r e f o r e  which  por t ion  of memor y  is ava i l ab l e  i c r  use .

I. C h a r a c t e r i s t i c s  of the  General  Cross -Assemb l r

One of the features of the  g e n e r a l i z e d  v e r s i o n  of t h e  cr ss — a s s e m b l e r  is

tha t  all  va r i ab l e s  d e p e n d e n t  on the  m a c h i n t  b r  w h i c h  assembly is to he done

must be d e f i n e d  v ia  m e t a l a n g uag e  commands a t  t i c h  a s s e m b ly .  T n o r d e r  t o

I . --
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minimize the burden placed on the programmer a method has been devised where—

by the required metalanguage definitions may be prestored as a separate disk- • 
f ile , and input so as to seem transparent to the user.

This section is devoted to in—depth details of what a user must do in

order to create an environment to facilitate assemblies for a given machine.

Spec Lil attention is called to subsection C, which gives in— depeh definitions

for all pseudo—ops available , including the metalanguage commands available

f or  defining a machine as well as pseudo—ops necessary for an assembly.

The first step to he accomp lished is to divide t he set of available

instruction mnemonics into canonic classes (i.e., groups of instructions

having similar operands). The canonic classes may then ho defined by stat-

ing minimum and maximum number of allowable operands , indicating any required

o p e r a n d s , and enumerating elements of t h e  set of available operands. A set

of immediate constant (IC) classes also needs to be defined. An IC class has

a l ower and u p p e r  l imit , and an assoc iated b e g i n n i n g  and ending b i t  number  in

a program m e m o ry  word . Once both the canon Ic instruct ion classes and the IC

classes have been c on c e p t u a l i z e d , t he user is read y to beg in c re a t i n g  t i i e

appropriate disk files.

A. A s s e m b l e r  I np u t  Lap~~uag~~ S~~~c if ic at  ions

A “l i n e ’ of code to be assembled should he a c h a r a c t e r  s t r i n g  c o n s i s t i n g

of 80 characters , of w h i c h  u n i v  t he  f i r s t  72 w i l l  he examined , a l l o w i n g  f o r

the  use  of s I l e n c e  numbers .

n i n t e  t he  c r o s s— a s s e m b l e r  was d e s i g n e d  p r i m a r i l y  f o r  a s s e m b l i n g  i n —

st r u c t  ions f o r  mac l i  i nes  wh i ch  ma y  he m i  r ec o ded , cod log more t han  one

r --
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instruction per program memory word is allowable . Multiple instructions to

be assembled into the same program memory word may he coded on t he  same line

and separated with a semicolon ( ; ) .  An alternate method to code multiple in-

structions for the same memory location is to code them on consecutive lines .

with the first non—blank character in each line after the first being a comma

(,). Note that using a comma as t h e  f i r s t  n o n — b l a n k  c h a r a c t e r  does not in-

d i c a t e a co n t in u a t i on of the previous instruction , h u t  r a t h e r  a c o n t i n u a t i o n

of t he  program memory loca t ion , and t h e r e f o r e  a l l  l i nes  s h o u l d  end at the  end

of an i n s t r u c t i o n .

A line will be scanned and all characters concatenated to form what is

called a token , until a delimiting character is found. Del imiting characters

are members of the set {hlank ( ) ,  semicolon (J, comma ( , ) ,  colon (:),

slash ( I )  , equals ( )  }. Tokens , then , ire o ith c-c labels , opcodes , or oper-

ands . Certain of the delimiters have special meaning. A slash always indi-

cates that the remainder of the current line is a c ~nn -n t • a SO’ -~I Ion

always indicates the end of an instruc t ion . A colon appear i ~ after t h e

first token of a line indicates that the first token was actually a label ,

and a comma appearing as t h e first non—b l an k character indicates a continua-

t ion of the contents of the memory location b e i n g  assemb l ed on the previous

line. Other than these few simple rules , t h e  delimiting characters may be

used interchangeabl y. Naturall y, f o r  cosmetic reasons a standard should hi

chosen for a machine and adhered to. No escape c h a r a c t e r s  i r e  provided ,

since no text s t r i n g  assembling is implement oi l .

L

5 
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When codine an immediate constan t , the plus (+) and minus  ( — )  signs have

the normal unarv and/or binary meanings. An immediate constan t may contain

any number of plus or minus signs , but no parenthesized expressions are

accepted . For example , LABFLI+ 3 , and LABEL1—LABEL2+3—LABEL3 are both accept—

able immediate constants.

The c u r r e n t  v a l u e  of  the address counter (as accumulated by the cross—

assembler) is specified by an asterisk (*). Thus , immediate constants of t h e

form ~~rarn counter 
+ exprei-w ;ion may he coded (e.g. *+2 , *_3, *+LABI , etc.).

It should be noted that this merel y produces an absolute immediate constant.

If the user wishes to generate a program counter relative constant (i.e., the

effective address is caliulated at execution t ime by adding the program

c o u n t e r  to the  immediate constant field stored in the instruction) then at

assembly t ime one should subtract the value of the program counter (e.g. ,

LABEL_* , or LABEL+3_*).

N ii ober
~ 

may be input in any of 4 bases ; binar y , octal , decimal , or hit-xa—

decimal. The default input base is initiall y decimal , but may be changed v i a

the  . D I B A S E  pseudo—op . The d e f a u l t  i n p u t  base is merel y the base used to

e v a l u a t e  a number  w h i c h  has no base i n d i c a t o r .  t\t an\ time t he  user  may code

a number  in an~ o f these 4 bases  by p r e c e d i n g  the n u m b e r  w i t h  one of the  base

ind i ca to r s  ( . B , . Q ,  .D , .H , or ‘)  . .B  i n d i c a t e s  i b i n a ry  number , .Q an oc ta l

number , .D a dec ima l number , .H a hexadec ima l  number , and the apostrophe (‘)

indicates an octal number. Thus , valid numbers might be: .BllOl , .Q75 ,

.1)290, . H I A 1 b , ‘72 , or .HA2 . Nate that all numbers must either begin with a

dig  1 t or one of t h e  base m d  l e i t  t ’r s . Thus , i t  lie defaul t input base is

6
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h e x a d e c i m a l  and th~ user wish~-s to code  t l i ~ -onst ant  A2 , t h e  cons tan t  0A2 must

be od e-i . l h o ~~ -~’ & r , .h1 .\2 t~i h 1  u s -  o i - a v s  T o  ; i c c e p r  a b l e .

B.  U s i n ~~ t h o  C e u c c i l  Cr a s — A s ~,e - r e L - r

E’ol I t s  ing is a d i sc u e s  i o n  of  t h 0  stt-ns necessar - to use the  c ross—

•isse~ib1c r. This includes a dos r i p t ion o~ t h e  disk files wh ic h may be g e n e r—

ited in order to ease t h e  h urden p laced on the u s e r .  C r e a t i n g  an a p p r o p r i a t e

set a t  disk files free--s the u s e r  f r o n  requiring machine definition pseudo—ops

in all st :urce programs .

B .1 L r e i t i n - ~ an EXEC F i l e

Clea r l y  t i l e  u a e r  will des i r e  a spec  ~~~~ tail ored EXEC file to contain

t h e  n e c e ssa ry  CP / C Ma commands. 1 lie first f o u r  su P  commands s h o u l d  be:

~C O N i R l t T . ERROR

CP L I N E  P L I O P T  191 199 RR

ACC E SS I -°i Z / Z

C1 013 \ I T Y 1 l I B  S Y S I I B  P L I L I B  F O R T L I B  CRLL

The f i r s t  of  the  Il l ive  f o u r  stjtements i s  in [XiT C con t ro l  s t a tement  which

spe. i f ie s  t h at  t l i e  r e m a i n i n g  LP/(PP-~ commands  s h o u l d  be typed  at t h e  t e r m i n a l

o n l y  i f  t h~ v r e s u l t  in a non—z -ro ri -turn code .  The s u b s e q u e n t  t h r e e  c om-

mands  access t h e  d i s k  c o n t a i n i n g  t h e  PL / l  l i b r a r i e s  necessa ry  to run the

c r ’ss— us~,, -iib ier

A s e r i e s  I t  seven l ’I l .E l ) E F  or t in i in ls  i s  t h e n  n e s -ssa rv . These may appear

in m y  o r d e r .  Ihe f l  1 lev i t l g  se c t  l i t  I t  t e m p t  5 t  o de scribe the r e q u i r e d  f i l e s

O i l  f i l e -  d i s - lissed is csle r cit ~d by i t s  ddn mmt

I,
p

7 
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1. ARCFILE — This f ile normall y conta ins the required

metalanguage pseudo—ops to define a particular machine

(such as the .DARCH , .DCLASS ’s, .DOP ’s, etc). It is read

before attempting to assemble the user ’s program . The

only difference between this file and the source program to

be assembled is that the input statements of ARCFTLE are not

~~itten to the listing . As an example , if we have a file

whose filename is PMP and whose filetype is ARCH , we would

code:

Ft ARCFILE DISK PMP ARCH (LRECL 80 BLOCK 800 RECFM FB

2. SFILE — This disk file is the  source file to be

assembled. It has been found convenient to let file-

name , -filetype , and filemode he respectively parameters 1 ,

2, and 3 of the EXEC . Thus , one would code:

Ft SFTLE DISK &l &2 &3 (LRECL 80 BlOCK 800 RECFM FB

3. ADRFILE — This is an output disk file which will contain

the address indices f o r  the object binary file. The name

GENADR DATA has typically been used , although if something

like &l DATA were used the object binary could be refer—

• enced even a f t e r  another  f i l e  was cross—assembled . Currently

used is:

Fl AJ)RFILE DISK CENADR DAT~\ (BLOCK 80 REC FM VB

8
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4. WFILE — This is another output file , the listing file.

In order to wr ite this file on disk with the same f ilename as

- - that of the source file and with filetype LISTING one would

cod e :

Ft WFILE DISK &l LISTING (LRECL 133 BLOCK 133 RECFM F
I .-

- - 5. BINFILE — This f ile will contain the objec t binary as

produced by the cross—assembler . In order to create this

f i l e  as a d isk  f i l e  wi th  the same filename as the source and

wi th  f i l e t y p e  OBJECT one would code:

Fl BINFILE DISK &l OBJECT (LRECL 80 BLOCK 800

6. TFILE — This output file will consist of any error messages

and lines produc ing these errors , and a statement say ing how

many e r ro r s  were produced during assembly.  The f i l e  was intended

to be sent to the terminal , which is done by:
- 
.- Fl TFILE TERMINAL (LRECL 132

7. INSFILE — This file should contain the instruction table

as produced by the cross—assembler by the .CREATI pseudo—op .

- The pseudo—op .DEFLTI makes INSFILE an input file , and .CREATI

makes INSFILE an output file . If we wished this file to have

a filename of GENINS and filetype DATA we would code:

FT INSFILE DISK GENINS DATA (LRECL 80 BLOCK 800 RECFM FB

-
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After all of the above FILEDEF commands the LOAD command completes

the EXEC file. This command is given by:

LOAD GENASM GENHASH GENBILD (NOMAP NODUP START

B.2 Generating an Instruction Table

Generating an instruction table which is written to disk can save

the user a considerable amount of t ime ~-‘hen assembling. The table consists

of all defined instruc tion mnemonics , and control information for the cross—

assembler .

In order to create t h i s  table  the  user mus t  assemble a f i l e  which con—

sists solely of three pseudo-ops: .DARCH , .DEFI, and .CREATI . Naturally

since all assemblies must begin with a .DARCH this pseudo—op should be the

first statement to be read . This should be followed by a .DEFI for each

mnemonic instruction to be defined . (See Section C for use of the .DEFI

pseudo—op.) Since the only two pseudo—ops automatically built into the

instruction table are .DARCH and .DEFI the remaining pseudo—ops must also be

- ... defined with a .DEFI pseudo—op. (For the exact definitions necessary for

these see Appendix H.)

• Af ter the entire group of .DEFI pseudo—ops should follow a single

.CREATI pseudo—op . This causes ~J~e instruction table as it has been built

to be written as a disk file such that it may be recalled during future

assemblies with the .DEFLTI pseudo—op.

10 
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It has proven most favorable in the past to guarantee that the file

whose ddname is ARCFILE (see section B.l above) is empty while generating

the instruction table. This has been accomp lished by temporar ily renaming

the file assigned to ARCFILE for the duration of the assembly generating the

instruction table , so that the file assigned to ARCFILE is a dummy file.

- 
- B.3 Definin~~~~ d Creat~~ g the Architecture File

The cross—assembler as it exists allows a great deal of flexibility to

the user. Because of this , at each assembly time the assembler must receive

the  metalanguage commands defin ing the machine for which the cross—assembly

is to take place , the canonic classes of instructions , allowable operands f or

a class, etc. Rather than require these definitions at the beginning of all

• programs to be assembled , the option has been created to process first another

file. This other file (whose ddname in the EXEC file is ARCFILE) is assembled

just as any other source file, with the exception that no listing f ile will

be produced fo r  any source s ta tements  appearing in this f i l e .  By using th is

ar chitec ture f ile the requirements produced by the generaliza t ion of the

cr oss—assembler are made transparent to the casual user .

It is important to remember that each time the cross—assembler is loaded

it s ta r t s  cold , wi th  no storage areas and with an instruction table contain—

Lng only the two pseudo—ops .DARCH and .DEFI. Therefore clearly the first

instruction of an architecture file should be the .DARCH pseudo—op which

causes the cross—assembler to generate the necessary storage areas . The next

th ing that should be done is to define the .DEFLTI pseudo—op by using the

11 
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; .DEFI pseudo—op. This is done with the statement :

. DEFI .DEFLTI = ‘0 ,0,0,0,0,1,0,4

As soon as this definition is given a .I)EFLTI should he issued to read

the default instruction table from disk (which defines the remaining in—

struction mnemonics). Once this has been accomplished the remaining structure

of the assembler should be defined .

Perhaps the best way to cont inue  at th i s  point  is to  d e f i n e  t h e  ins t ruc -

tion canonic classes. This task is accomplished by using the metalanguage

commands .DCLASS and .DOP, a single .DCLASS required for each canonic class

and a .DOP required for each allowable operand of that class. The .DCLASS

contains such information as canonic class number , minimum and maximum num-

ber of operands which may be coded for an occur rence  of an i n s t r u c t  ion of

this class, the number of .DOP ’s coded for this class , and a special number

wh ich may be used by the cross—assembler to indicate a required operand wh i ch

is missing (for a complete definition of .DCLASS and .l)OP see Section C).

The .DOP is used to specify an operand mnemonic- and the appropriate hits to

be set by an appearance of this operand , it associates this operand with the

appropriate canonic c lass , specifies the position in which this operand may

appear , and optionally specifies an 1C type for instructions requiring use

of the large IC field.

Sometimes an exclusivity set may exist for which multip le members may

appear in the same memory location as long as a certain field Is the same for

all instructions. For examp le , consider the case where multiple shifters

use the same bit(s) to determine which type of shifting should occur. In 
—

12
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this case shifts may be done in multiple shifters as long as the same type of

- 
-

~ shifting is attempted . The cross—assembler may be informed that such a

situation exists for a certain exclusivity set by using the define exclu-

sivity set check pseudo—op, .DEXCLC.

The translat ion tables for immediate constants , if any are r equ i r ed ,

-: should then be defined. This requires a single- . DTRAN S to allo ate storage

fo r  the translation tables , and at least one .DTTAB pseudo—op for each of

the translation tables to specify table numbers . It is important that the

.DTRANS pseudo—op precede any .DTTAB , since it defines the translation table

environment and allocates translation table storage.

Once any necessary translation tables have been defined the immediate

constant classes should be defined using the .DEFIC pseudo—op . It is im-

portant to remember that all forward referenced variables will be assumed

to be members of IC class 1.

The architecture file may be terminated by optionally changing either

the default input or the default output base. The default input base is

orig inally decimal , but may be changed with the .DIBASE pseudo—op to either

decimal , binary , octal , or hexadecimal. It specifies the base of a number

not preceded by a base indicator (the base indicators are .B, .Q,  .D, .H,

or ‘ ) .  The default output base is merely the base used when creating the

address and object fields of the listing . The original default output base

is octal , although the .DOBASE pseudo—op may be used to change tne output

base to either octal or hexadecimal.

L 13



- - ~~~~ -

t

This shou ld  comp le t e  the  a r c h i t e( - t u r e  f i l e .  Not e t h a t  t h e  a r c h i t e c t  t i r e

I L i e  shou ld  c o n t a i n  so] e l y  n i e t . u l a i m g u a g e  comnu ands , i . e .  , it  should  not  c on t a  in

m v  i n s t r u c t  ions w h i c h  produc e  e x c - c u i t a b l ~ - code .

B. -~ As semh1 in ~ a Pr ~~~ranu

Once a l l  of  t h e  previous  s teps  have been e o r l  I e ted a s s e m b l y  i s  i n d e e d  In

easy t u s k .  Ti me user  must  mere l y en t e r  t h e  nan m e of t h e  EXE C f i l e , f c i i l : l w e - d

by the f i l e n a m e  and f i l e t y p e  of t h e  source  file to he assembled . For e x a m p l e - ,

if an EXEC f i l e named PMPAS H EXE C has been creat ed , and a 115c r w i s I l e s  t o

assemble  a p rogram named MYPR OG l - O R F R A N  he would merel y need t o  ent e r the

command :

PMPAS M MY PRO G FORTRAN

Assuming t h e  EXEC f i l e  has been c r e a t e d  in t h e  s t a n d a r d  wa~’ d i s c u s se d ,

t h i s  w o u l d  produce  t h r ee  o u t p u t  d i sk  f i l e s ;  n a m e l y  MiPR ~~(; L I S T I N : , MY I 1R i )

OBJE CT , and GEN AD R DATA . The listing file may lw e i t h e r  p r i n t e d  ot f l i n e  or

examined f r o m  the  t e r m i n a l .  T y p i c a l  iy a n o t h e r  p rogram is  r eq u i  ri - c l w h i c h  r i - a d s
I

the  OB .JECT f i l e  and GENADR DATA , f o r m a t s  t h e  ob l e i t binar y , and l r c l l f l : - l -~ So f t e

type  of out  p u t  on a med i um w h i c h  may he i n p u t  by t h e- m a ch i  ne  on ts- h i  i ch t h e

c ro s s—assembled  p rogram is to e x e c u te .  (Typ i c a l l y  t h i s  m i g h t he p aper  t u ) ~e . )

The p seudo— ops r e q u i r e d  in a user ’s p r o g r a m  w i l l  b e m i n i m a l .  Bo th  the

.DEFC and .LOC may be observed f r eq u e n t l y ,  as w i l l  be t h e  case  b r  memb ers  ol

u s e r — d e f i n e d  c lasses  15 and Itt . The pse i i do— op s  . D E F T  , .1) 1  BAS h , and  - l ) ( t l i A ~~b

m i g h t  a l so  appear  in a user progran m bu t  w i t h  a low I requ cnev . The r i n u i n i n g

psetido—ops should not  a p p e a r  i n  a user program , s i n - c  t h e s e  ut- ct :i~~- t

l a n g u a g e  d c l  m i t  ions miuv he more  easil y g i v e - l i  in t he m r c h i t  e t i t i  e I l i e .

14

~ 

---
~~~~~~~~~~~~~~~~~~~~~ 

-



-~~, -_,_~~~~ - - -‘~~ -———~~~~~~~~~~~~~~~ —- —

As a final note , it should be mentioned that the c r o s s — a s s e m h ] e r  an t  i c i —

pat s read ing 80—character r - - rds , hu t only the f i r s t  ~2 -h . tr~uc t - -r s -mr ox—

amined . This  :il lows t h e  user t h e  f l ex  i hil it v of using standard S lOe -n c flu-

from the CMS text editor.

C. Pseudo-o~~ Def i n  i t ions

The f o l l o w i n g  sect ion p r e~~e - n t s  a d e t a i led d e s c r i p t  h e n  of t h e  m d i v  i h u a

p s e u d o — o p s  r ecogn ized  by t he  c r o s s— a s s e m b l e r .  When applicabl e s p e c i a l  r -

q u i r e m e n t s  f o r  i n d i v i d u a l  pseud o—ops  a re i l s o  l i s t e d .

Pse udo-oE : . DARC H

Sy n t a x :  . DARCII numbits , lo~~ em ,memsize ,nume lass , n l i n i c l o s

Purp~~se: The .DARCH pseudo—op defines t he  word  s i z e , number of

p r o g r a m  memory words ava i l ab l e , n u m b e r  of  i n st r u c t i o n

canonic classes , and the number of classes for an in—

mediate constant. Since allocation of m o s t  storage

a r e a s  is done dynamicall y when this p i e l t d - — l - p  is p r — -

sod it MUST he t he  f i r s t  l i ne  read by t h e -  c r e s s — a s s e m b l e r .

Op e r a n d s :  The- operand n u m h i t s  s p e c i f i e s  the  n u m b e r  of h it -~ per

instruction word , with an upper limit of 128 bits. the

operands lowmern and memsize spec l i v  t h e  l o w e r  and u p p er

addresses respectively of the se-ct ion of  i r e c r a r l i  me f i r :

to be generated by the  cross—assembler. The numbe r 01

canon ic  c l a s ses  of I n s t  r u e t  ions is spec  i f  i eel by niu :1 - l a s s .

and the  number  of i m m e d i a t e  constant c la s se s  is  s p e c i f i e d

by n u m i e  l a s s .

15 
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P seud o— ~~~: .DCI ASS

Syn t ax :  . DCLA SS la s snum ,m i i -iops ,maxops ,nunee eps  , r equirod Ips

I t i r 1e o s e - :  Tbt - . DCLAS S p s e u d o — o p  i s  used to  d e f i n e  t h e  p r o ert  ies

of a e a n e n i c  c l a s s  of instructions.

Op e r a n d s :  H~~- c a n o n  h e  class c l i s — n u n  s i l l  c o n s i s t  of  i n s t r u c t  l - ) n s

which must lma~- ’ e ~it I ea st  m i u o p s  h i t  no more -  t i t t i  r : u Y o~~ v

opt - r i n d s  coded . The o p e ran d  nurnops srmould he- so : : e -  n u m b e r

less t h a n  or equal t o  I C )  w h i c h  t e l  Is t h e -  - r l s s — i s s e m b l e r

how many ol e-rand cho i c e -s arc t o  be g i v e n  f i r  thi s lass

by the P01 p s e u d o — l I p .

I h i e -  last  o p e r a n d , r e i n  i r e - d ies , p1 - r n i t s  t h e  c r e s s —

assembler to flag an instruction which rim have- t e e ap—

propr [a te  number of operand s e l - b  , b i t t  is m i s s  i n c  an

esse-n t i ;u i operand. V - r C x i :  p i e  , let us cons ill -r th0

REAl) instruct ion of P M P — l  , l-:b licil takes the f r - ~

REA l) I C ,[Bl , 82 , O~

where (Bl , h2 , O~ m d i  a t e - - one or a r -  f Bi . P2 or 0

m t v  be o l e - l b . T h i s  ~: - r i - I  i - :  r e - l b s  t h e  c l O t  at  s f . -

PE V- \ ~1 l e e  u t  l e n  I C ~-. H e - t  e I t :  -.p e c i  I it -s s c m - m mcd i a t e

constant) and p u t s  t h e  r - ~~i i l t  0 -t e m e  t n - r e - 1 tB

des t  m i t  i on  r e - e l  - t  r- - p- I , F- te l I t . It- imm cdi att- en—

o t a n t  i s  i re quired c i  ‘ O I l  .1:1 1 I r e -  t h c r o s s —

- u s e  - n i l e  I cr  s b : - - I i  I I - g -  I ~ i i .

i l l  

~~---~~~~~
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READ Bl , B2

s ince  even t h o ug h  it contains t h e  a p p r op r i a t e-  1 iI : .he r  of

operands an essential. o p t - r a n d  is missing. If tim e hit of

reguiredon~s associated with time operand IC is s t  I

the  eros- —assembler will bc able to  f l a s  t i ; - e - r r een  c- - O S

line above.

~~L i L r 1~~ps s p e c i f i e s  a 1 5 — b i t  s t r u c t u r e  w i t h  each

b it = 1 if the - - Irre-sponding operand ( o r  l i C e o t  t h e  I - e r —

responding or i up  I I  - 1 e- r ; in eL ) mu st h i - c-od d , or a b i t  = 0

if i t s  e r c e  -pending operand is net re quir -1 . Ti-me First

It) hits i r e  e i s s i q i i ~- b  d i re - r l y  t o  th e- 10 p o s s i b le  o p e r a n d s

us i t - f  I ned  ov t h u  . DOP pseudo—op. Bi t 1 (‘lSB) is i s —

S O c  i . u t  ed  w i t h  t h e -  o p - c a n d  to  he i ndexed  as t h e  f i r s t

operand in the- lis t , h i t  2 w i t h  o p e r a n d  2 , et . I ; i  t l i e

c a se - 01 t h e  ~i:A h )  i n  - t r - ;  ion above , i f  t i m e  op~- r a n d s  o r

define d sue -h that [C is i n d e x e d  as o pe t - a n d  1 . 81 as

ope rand  2 , 81 as l i c e  - r ind  3. and  ( 1 as o per a n d  i , t h e n

• h it 1 (NSF) of re - 1 iii t~e- I I j s ei l I & i t l d  be = 1.  l b - t t  i s , cc —

q uit ree l op s shoem I d he 40000
5
. Bit s Il—I S ir e - ass ee [at  ~ d

w i t h  groups  of o p e r a n d s  and s h o u l d  be s - I  = I o n ly  if

one member of t h a t  gr np m u s t  h 1 - a b e d  as an : - - r  it ~d -

The b i t s  a r e -  l i s s o c l at e d  - u - -- follows :

— 17
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Bit Number Associated Operand Group

11 1 er 2

12 1, 2 , or 3

13 2 or 3

14 2 , 3 , er 4

15 1 , 2 , 3, or 4

As an examp le of a s i t u a t i o n  in w h i c h  one of  the

b its 11—IS of re~~i~i r e d i ps would be used consider the-

ADD instrtmcti on of PMP—I. It is of the form :

ADD ~Y ,IC} , [X ,S ,EO}

where the first operand must h e e i t h e r  Y or I C , f o l l o w e d

• by one or more operands chosen from X , S . or E0. Le t  us

consider that when the— operands are d~ - t  m e d  they Sr in-

dexed such t ha t  Y is i n d ex e d  as - t a - r u n t 1 , IC as oper-

and 2 , X as operand  3 , S as o p e r an d  :~ , mmcl i-: o - us 1 ) 1 r ~~

and 9. Then setting bit 11 - 1  re -~ i ;i re~d t-s = 1 ( i . e .

= 20
8
) f o r  t h e  in s t ret T e n cl- m ss - - i l l  i n i n a

AI)D will cause the cr& — s s—a siee -n-l l~ - r to ea- r ifv t h i t

le a-s t one- of \ or IC was  c eded , t hus fIa1:g ing t h e  iteco u l id

l ine:

ADD \ , S

18
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Pseudo—or : .DOP

y~~ a x :  . DOP operand ,hitr 1 ,class ,numinclass , n t i m e pc de 2 , i-~ t vp e

Pu~pose: The .DOC’ ps i-lid - —op is etse-2 t i)  d~~i l i t e :  an p e - r a n d , - a s —

soc iat i n g i t  w i t h  a canon ie. C I s , and spec  i f :  i n g  t h e

act ion to h~- taken when t h e .  d 0 f i n e d  o p e ran d  i s  co2~~d .

0_p e r a n d s :  Time first o p e r _ i n d , p : r an d . j :  t h e  e - b ; a r i  t e  r r e .- p r e — e - n t e i —

tion of t h e  op e r a n d .  O n ly  the f i r s t  f o u r  c h a r a c te r - - - - ciii

he recognized . If ar operand is t - - he- an i r m ~~d l o t  e con-

s ta nt ti e is fj e l d  m u s t  he t i l e -  2 c h a r - c  t e r - - ‘ I C ’

h i t r p must  he an o r a l  cons t  c i t  t - e i i i n n  in - c  w i  t O

an apI -st r oche . I t  s p e c i f i e s  a w o r d  w h i c h  ~-:i 11 be I c c i  c u t —

l v  OR ’ ecl w i t h  t h e  i n s t r u c t i o n  word ; t ~ a s s e m b ly  t i n e .

t h e r e b y  i n d i c a tin g  - i ; i ch  b i t s  sh o u l d  h~. S t  = I

o p e r an d  a p p e a rs .  I f t he b i n  a- -: st r m g  g e n - : - r i :  -3 i r on

b i t r ep  is s h o r t e .-r  t han an i n s t  i n  t i - n  wc r-1 it  c- - l b  he

l e f t  j t l s t  [ l i e d  aod padded  on t i c - -  r i - i t  w i t  z e n -e s .

Even i f  t h e  o p e r an d  is -in IC , b i t rej e w i  1 S c  io~~iCul lv

OR ’ed with t h e  instruction w o r d .

I - l a s s  i s  t u e  e ffloiC i c  c i  ass h utc h- e r  ee l  t i e  O1nI

class of instru ct ions being d e f i n e d . n : i m i n  i - ~-~ i s  t
.

element numhe-r ~ f t h i s  p a r t  I I  u ] e t r  c l~-r e-nt 1 t h e  e p r - n i

S e t  assoc i a t e d  wi t l i  can il i n  e i mss  c l a s s .  l i le  - r - — s —

assembler m e r e ly  i l S e~S h i u m i n e - l u s s  as in i n c h  :- : t i  t h e  -a ~ r—

and set , s- i th  mt-r1- ~ - r s -o t h~- ~ - i t  O X i f  i n c  2 1 r em l ow  a - - :-:

to  h i g h  i n d e  x .

i i

L ~~~~~- -- - —  - - -~~~~~~~~~~~~~~~~~~ -- ~~- - -~~~~~~~~ --- .- 



--—- -
~~~~~

-- - - 
~~ ~~~~~~~~~~~~

num~~p coded may be e i t h e r  the-  p o s i t i o n  number  of

this operand if its order 1mm the coded  o pe  rand list is

essen t ia l , or  zero if it m a y  h e -  l O d e - d  j f l  any  p o s i t i o n .

The f i n a l  operand ~~~~yp e  is o p t i o n a l  and is o n ly  c o d e d

i f  t h e  operand  is an i m m e d i a t e - constant ( I . e . ,

~~~erand = IC)  . ict\- pe si a -c i  i t -s t h~ class ;einher oh t h e

IC class to which this immed i e m e e c o n s ta n t  b e l o n g s . I f

i ctyp~ 1 is coded then the ict \ t e e  [15 sp~~c i f  ied in the-

individua l instruct ion def in it i n  ( . DEFI) w i l l  he-  used

for lower and upper  limits.

~ pecial_ No tes : I .  Each  o p era nd as i t  is defined via tlce .DOP p-scull -—

op b ecomes a r c - - e-rved ~~~em o n ic  and th e r e - t~er e  may

not be used as a l a b e l

2 .  If t he o p e r a n d  is ‘ IC ’ then mim ejc od e- d should h - - c r

be z r .

3. The - r o s s— : i ss e m b l e r  se -a rches  t he  set ot C V I I  l u h i

op e r a n d s  s t a r t  ing  w i t h  t h a t  operand  wi  t i m

n um i jul ass 1 and us ing  n u m i m - i a s s  as an m d c

t h r o u g h  the  s e t .  T h e r e f o r e  i f  an operemnd may he

e i t h e r  an I~C or s o m e - t h i n g  else t h e  o t h e r  poss i —

h i  1 i t  i es s h o u l d  have-  a lower num inc I ass t h a n  ‘ I C ’

i n - r c l c - r  to  p reven t  t ime  ren-;s—assemhi c -c from

it tempt i ng t o  e v a l u a t e -  a reserved m n e m o n i c  as am.

[mmcd i a t e  i - o n s tan t

20
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P seudo~ p~~: . DEFLT I

S y n t a x :  . D E F T T I

Purpose: Th10 pseudo—op r e t  n i e v e_ -s the - defaul t instruct ion table

from time disk. It (~a i se -s t h e  disk file dc- f ined by a

FILEDEF command in t h e  I-X [C f i l e  w i t b m  a ddnu r :e- of l~iSi - i I.E

to be read . 1 ’ imj s  ii lows t h e  u s e r  to obtain t h e  p red e -—

fined instructiem s e t .

Pseudo— oj~: . CRI -h\ T I

5:-nt a x :  . CREAT I

Purpose: T h e  . c lj b - : \ f  I p s I i d _ 1  is u s e d  to create a d i sk  in-

struction file by sri t in g the current instructi on table

to  a d i s k  i l e .  The fib c-name is d e f i n e d  h~ - i  PI T EDEF

in the  LX I - C f i l e -  w i t h  i ddnan ie of I N S F I L E .  Th i s  pseudo—

op is used when i n i t i a l ly  i c - f  i n i n g  an i n s t r u c t i o n  s e t ,

o r may he u s e d  t i  add more m n e m o n i c s  to  a p r e d e f  [ned

i n s t r u c t  b I n  s e t .

P seudo—up : . DEFT

Syn tax: .DEFI in st=hit s ,ex e l .ict \-p c- , i c req ,I r ef ,p seudo ,xmine ,tvpe

T he- . DEFT is used t e  d et  i n an i n st r u c t  ion m n e m o n i c .

This  i n s t ru c t  ion m n e m e e n i c  is added to  the  i n s t r u c t  ion

t a b l e  l e e r  t i t c  e t c  r e n t  assemb ly u n i v  u n l e s s  cm . C T P I A i  1

p s e - u e l e— ep fe e l lows b i t ~~r e 1 1mp h - I  i on  c i  i s s e - t c b e l v .

21
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~p~ rands:  The mnemonic i t s e l f  is given as in st .  This  operand

s h o u l d  he a cha rac t e r  s t r ing , w i t h  only the first seven

cha rac t e r s  examined by the  c ros s—assemble r .  The operand

b i t s  s p e c i f i e s  the i n s t r u c t i o n  word b i t s  which are set to

1 b y the  i n s t r u c t i o n , b i t s  must he an octal number ,

mus t he preceded by an apostrophe , and may n ot  be - any

longer than d ic t at ed  by the  number  of bits in an in—

struction word .  The c ross—assemble r  w i l l , however , ac-

cept a shorter—than—necessary string which it left—

justifies with zero fill on the right.

The operand excl specifies a 10—bit structure with

each b i t  r ep resen t ing  an e x c l u s i v i ty  s e t .  ( I n s t r u c t i o n s

which are mutua l l y exclusive , i . e .  no more than 1 may be

coded per line , belong to the same exclusivity set. An

instruction may belong  to more than  1 e x c l u s i v i ty  s e t . )

The operand ic~ yp~ specifies the IC class number if

the  i n s t r u c t i o n  uses the  la rge  IC f i e l d , or 0 i f  t h is

f i e l d  is not used.  This f i e ld  is mused whenever  the  class

of an IC is specified by the .DOP to be = 1. icreg

should be = 1 if the large IC field is r e q u i r e d  f o r  t h i s

instruct ion , =0 if not. fref should be =1 if forward

referencing is allowable , 0 if  not. pseudo should be

=1 if the instruction is a pseudo—op, =0 if not.

L



xmine should be 1 if the operands coded for an in—

struction should be examined w i t h  a p p r o p r i a t e  h i t s  being

set even if an i n s u f f i c i en t number of operands were coded ,

and xmine should  be =0 if cod ing an i n s u f f i c i e n t  number

of operands should cause i-mo operands to be examined .

Finally , the operand type specifies the canonic class

number of the  i n st r u c t i o n s  (or pseudo—op class for

pseudo—ops).

P seudo—op :  . DTR.ANS

.DTRAN S numtrans ,sizetrans

Purp~ se: The pseudo—op .DTRANS is used to define the translation

tables optionally used by an immediate constant class.

It defines the number of translation tables needed as

well as the size of the largest table. This pseudo—op

must  precede m n y  a t t e m p t s  t c e  s p e c i f y  t r an s l at i en t ab l e

elements with the .DTTAII p s e u d o — o p .

2p_erands:  The to ta l  number  eel t r m n s b u t  ion tables necessary is given

by n u m t r a n s .  The s e c o n d  o per an d , sizetrans , specifies

the number of elements in the largest translation table.

• Pseudo~~~ : .DTTAB

Syntax : .DTTAB num ,offset ,begindex ,valuel ,val ue2 ,,..

Purpose :  The .DTTAJ~ pseudo—op is used to  speci f y e lements  of an

~~ immediate constant translation timh le.

23
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~p~ rands: Ttio first operand , num , specifies the number of the

translation table, offset is the offset amount which

m m i s t  be added to an immediate constant to convert this

to a t ab l e  index f rom 1 to n , where n is the number of

elements in the  table. The operand be~~index  merel y sped —

- - 
f i t - s  w h i c h  table entry follows , and va lu e l , va l ue2 , etc.

ar e - the actual translatio n table entries (with valuel

b e i n g  the  begindex th tab le  e n t r y) .

Pseudo-oj~: . DEXCL C

~yn tax : .DEXCLC excl tet ,beginbit ,endb it

Pu~ppse: The .DEXCLC pseudo—op defines an exclusivity set chec k

which may allow more than one member of an exciusivir--

set to coexist on the same instruction line. it is used

for exclusivit~r sets where a particular f i e l d  is used

by all members of this set , but multiple members may co—

exist if this field is to be the same for all members .

~2~~rands: The exclusivity set number (from 1 to 10) is given as

the firs t operand , exciset. The bit numbers correspond-

ing to the begin and end of the field used by both in—

structions are specified respectively by the operands

beginbit and endbit.

Pseudo_~~E: .DEFIC

~yntax: .DEFTC class ,lowlimit ,hilimit ,begfn ,end ,trantab

24 
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Purpose: This pse udo—op specifies upper and lowe r limits for an

immediate constant class , the begin and end bit positions

of the instructio n word for an IC of this particular

class , and a translation table number if the inunediate

constant to be coded requires some translation before

it is put in the i n s t ruc t ion  word .

Operands: The operand class spec i f ies  which  IC class is being de—

fined . lowl imi t  and h i l in i l t d e f i n e  respect ively the

lower and upper values which an IC of this class may

attain. begj~ and end specify begin and end bit posi-

tions of the instruction word to be used by this IC - 
-

class (with the MSB b e i n g  called b i t  1), and t r an tab

either is the number of a t ranslat ion table necessary to

convert an IC coded to a value placed in the instruction

word , or 0 if no such translation is necessary .

Note: IC class 1 should always define the “large IC field ” ,

sinc e class 1 limits are used for resolving forward

references as they are defined .

Pseudo—op: .DIBASE

Syntax: .DIBASE base

Purpose: The .DIBASE pseudo—op may be used to define the default

input base , that is , the bas e ass umed for any numerical

immedia te  cons tan t  not preceded by a base indica tor .

2 5
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F Operand : The sing le operand base should be either 2 , 8 , 10,

or 16 (assuming ti-m e previous default input base was
- - 

.. 

10).

Pseudo-op : .DOBAS E

~yn tax: .DOBASE base

~~~ pose: The .DOBASE pseudo—op d e f i n e s  t h e  o u l t r - h : t  base- used

in printing the address and object - - eel u nn s of the

listing.

~perand: The sing le operand base may be onl y 8 or 16.

Pseudo—pp: .LOC

Syn tax: .LOC value

Purpose: The .LOC pseudo—o p is used to set the address location

counter. It is not allowable to set this counter to a

value less than the current value .

2E~sand : The single operand value should he the value tee which

the address counter is to be set.

Pseudo-~~~: .DEFC

Syn tax: .DEFC name=value

The .DEFC pseudo—o p is used t assign a va l ue to a given

mnemonic label.
I

2perand : The operand name is the mnemonic label to be defined .

Only the first seven characters are ree-ognized by the

cross—as sembler. The value assigned is given by the

operand value , which may be any pr edef ined label or an-

constant.
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Pseudo—op : User—defined Pseudo—op Class 15

Syn tax:  1 mnemonic (opcode w i t h  no operands)

Purpose: This pseudo—op class allows the user to define

mnemonics that allow a cc-rtain bit (or bits) to be

set =1 in all subsequent instruction words .

Example: Assume a user  is hal ing with a 24—bit machine where

bit 14 (with MSB = bit 1) is a mask bit for interrupts ,

i.e., i-mo intei rupts are allowed when bit 14 = 1, inter-

r u p t s  are allowed when hit 14 = 0. The user is able to

d e f i n e  a p s e u d o — u p ,  say MSK , which w i l l  cause the  mask

b i t  to be set  to I in al l  subsequen t ly  assembled  in—

struction words  u n t i l  a n o t h e r  i n s t r u c t i o n  (of  u s e r —

de f i n e d  pseudo—op c - l a s s  16) t u rns  this bit off again.

To define the  i n s t r u c t i o n  MSK , t h e  user would code:

.DEFT M SK= ‘00002 ,0,0.0,0,1,0,15

Pseudo— op : U s e r — d e f i n e d  Pseudo—op  Class 16

Syotax : I mnemonic (opcode with no operands)

Purpose: This pseudo—op class allows the user to define mnemonics

that allow a hit ( or hits) set = 1 by an i n s t r u c t i on o f

pseudo—op (‘lass 15 to he c1e~ red aga in ( 0 )  in all  sub-

sequent  i n s t r u c t i o n  words .

Example: Let  us again consi d er the example discussed under “user—

d e f i n e d  Pseudo—op C.Icmss 15” . A f t e r  t he  user has corn—

pleted t h e sec t  ion 01 co de  where  b i t  14 = I (i.e.

27
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interrupts were disabled) he W I S h e S  the a s s e - m b ~~e r  t I

again produce object code with b i t  l~~=() (i.e., interrupts

should be enabled again). To .lcc mp h i sie t h i  is a pseudo—op .

say UNMSK , may be defined wh m ie -h will undo time work ot th e

MSK pseudo—op .  To d e f in e  t h e  pseudo—op NM ~ E t b e - u s , r

wou ld code:

.DEFI UNMSK= ’00002 ,0,0,0,0,1 ,0,I6

0. Outp u ts  f r o m  the  Gen e r a l  Cross-Assembler

The cross—assembler produ c es several outputs including a listing f il e , a

f i l e  designed fo r  the terminal (consisting of error m e s s ag e - s and s t a t e m e n t s

producing  these  e r ro r s ) , and a b i n a r y  objec t  f i l e  w i t h  cmn e c b c 1 r e -ss f i l e  to

serve as an index. Assuming the listing file has bet-n written t I C  d i s k  i t  may

be either printed offline or typed at a terminal , as tile user may desire.

The file intended for the terminal is to give the user an indi cation f the

success of the assembly , and there is usuall y no reason to  save-  this file.

The b i n a r y  ob jec t  f i l e  u s u a l l y w i l l  r e q u i r e  another follow—up program

to read , format , and transmit the data to some med ium so that it may he ac-

ceptably input to the user ’s machine. It is this binary object fil e  and

associated address file upon which we shall focus our a t t e n t i o n  in t h i s
.

sect ion.

Only the program memory locations for which an instruct ion was coded will

be written to the binary object file , thus creating the need f -er the associated

— address file. The address file consists of p a i r s  of beg in and end addresses.
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If an end address is one less than the begin address this means that there

were no b i n a r y  ob jec t  words  w r i t t e n  f c r  t h i s  pa i r , and it may be ignored .

Si  flee- only  t h e  . LOC , pseudo—op all ews an add ress change of more than  one I n c a —

t ion , th i s  onl y occu r s  if t h e  sou rce  p r o gr a m  beg ins wi th  a .LOC , or if two

.LOC pseudo—ops are coded c o n s e c u t i v e l y  with no interven ing instructions.

( W h a t  a c t u a l l y  happens is t h a t  w h e n  a . LOC is encountered the cross—assembler

dec- rements its address comm nter which points to  the address of the next avail-

ab l e program memory word , writ 1 -s t h i s  v a l u e  to the address file , then sets

its address counter to t he  v a l u e  of t h e - ope rand  of the  . LOC and writes the

v a l u e  to the  address  f i l e . )  The a d d r e ss f i l e  is t e r m i n a t e d  by a pa i r  of be-

gin and end addresses , bot h of whi ch a r e -  9~ 9999 .

The address  f i l e  is c r e a t e d  using r~~ - - r d — o r i e n t e d  t r a n s m i s s i o n  in F L / I .

Assuming ADR CNT is a 3 1 — h i t  b i n a r y  t i ~’:e el variable , then a typ ical output

s t a t emen t  to t h e  address  f i l e  m i g h t  h e :

WRITE F I L l .  ( A D R F I L E )  ~h~ -1 (A DR CN T )

Thus a FL/I input statement should also read i n to  a 3 1 — h i t  b i n a r y  f i x e d

v a r i a b l e , say ADR IN I )EX w i t h  a st m t e m e -n t  s i m i l a r  t o :

READ F I L E  ( A l ) R F h T E ~ INT O (AP R I N D E X ) ;

As previously ment ioned in se c t  i c e n  ILl ti-me address file is  created with ddnam e

ADRFILE having a blocksize =80 an d  v - t r i a b l e -  b l o c k e d  record  f o r m a t  ( i . e . , in

the FILEDEF use BLOCK 81) R E C b ~ -1 V I I ) .  
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The binary object file is created using PL/I stream—oriented transmis-

sion. T e c h  memory I n e at  ion is w r i t t e n  w i t h  a B _ e c r ~- et ( b i t — s t r i n g  forT-iat ) cf

length NUN B[TS where NLMBITS stands for til e n u m b e r  of b i t s  in  t h e - user ’s

mach ine .  Thus a s suming  the  b i n a r y  ohj  O c t  is s tored  in an array called B I N  COD

and AdE C N F  is a 3 1 — h i t  b i n a ry  f i x e d  v a r i a b l e , a t y p i c a l  PL/ I  o U t p u t  s t a t e m e n t

to t he  f i l e  H I N F I L E  mi ght look l i k e - :

P U T  F ILE  (B  I N F I L E )  EDIT ( B I N  COD (ADR CN] ) X B ( N I l -h I lTS)

Not~ - tha t using a r -cord length of 80 and b locks i ze  800 ( i . e . ,  i i i  the FILEDEF

usin g LR E CL 80 BLOCK 800 RECFM FR) exactly one p r o g r a m  memory l o c a t i o n  pe - r

cc-cord is written only for a machin e with an 80—b it program memory  w o r d .

I b l a t  is , a s i n g l e  output record does not mle- - e--ssari I v  cor r e s p o n d  t o a s i n g l e

p r o g r a m  memory  b eat ion -

I I .  Exarnp le of C re at i r ~g~~a T a i l o r e d  V e r s i o n  of  t he  Cross—Assemb l er f e r  d l - I i~~ I

This se-ct ion is devoted to  a d iscuSs l O f i  01 a specific examp l e -  of u s i n g

the- general cross—assembler for t i l e  Paral lel l - t i c  r e e p r o g r a m m ab i e  T 1 r c e 1 - s s e y  (or

P~-ll’— I) built mt Lincoln L ab or a t or \ - . 1 t i s  a l so  m l  e n c i e  t o  S e - ry e -  as a u s e  c ’s

guide for those wishing to mis c the cross—:issemh Ic r  I -  a s s e m b l e  PMI ’ — l c od e .

Perhaps a brief word describing the archit ectur e - of I l - li e _ I is i n  order.

C o n c e p t u a l l y  a F l-Il’ c o n s i s t s  of a c-ontro l unit and a number c c l  i d e n t i c a l

proc essing mod m il es (PM ’s) , eac h c o n t  l i n i n g  a p r c - ess~~r e I e - r ic c t l t  ( P E )  and - c

d a t a  m e m o ry .  The- S o l e -  I l l_ I  i n  e X i s t  O n C e  c - c e nt t in s m s i n g l e -  P h . ,  h u t  i f

m u l t i p l e  PE ’ s l i r e - p r e s e n t  a l l  p e r l c c r m  t i l e  Sam e  c - p c - r e t  i on  sm u T  t mn c u e s ]
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Bo th  t he  c o n t r o l l e r  and I Ls  have  a 2- ~— h i t  a r c h i t e - ct u r e .  The a c t u a l  d a t a —

p r o  e s sin g  t a sks  i r e -  p e r t - r e x - I i n  the F E ( s )  , wh i l e  t h e  c o nt r 1 ler  s e q uen c e s

H rough t he program , e’oilij)Ut -I - i c l d r e c s sc s f o r  PE i~AN (s )  and PM d a t a  m e m o r i  c -s .

and c o m m u n i c a t e -s w i t h  e x t  c - n e a l  i c -V j e O s

A ( cO— b i t  p r c c e r ~ em memor - -- w o r d  c o n s i s ts  of 38 }‘E c o n t r o l  b i t s , a 1 2 —h  i t

i y t t t e d i c t e  c - n - - t a n t ( I I ) f i e l d , m u d  a l i — h i t  c c en t r o l l e r  f i e l d .  l t t e  1 0 — h i t

c n t r c ’ i  k r  f i e l d  may be f u r t h e r s u b d i v i d e d  i n t o  In 8 — b i t  f i e l d  s p e c i f y i n g

w h i c h  of 2 5h  c c n t t  m l  icr  e t l C s r t m t i c e f l s  i s  t o  t a k e -  p l a c e- , a h i t  t u  s p e - c i  y wh et I c r

or no t  t h e  i n s t r u c t i o n  p i p e l i n e  i s  i n h l i b i t e ’d on a b r a n c h  i n s t r u c t ion , and a

h i t  tee spe~ m f v  t h i c -  s c e d e r c e - b r  t h e  h F  ~- 1l- l add r e - s s  u sed . For  c o m p l e te - n e s s  , a

d i a g r a m  e e f  t h e  FE a r c h i t e c t u r e  ap oe - c e  s as A p p e n d i x  L , and a d i a g r a m  of the-

6 0 — h i t  p r o g r a m  m e - r t c c c r v  word  ap ro - c rs in  - \ p c ; e e n d  i~ :-: D.

St ep 1 in the  proce - c i e t r e - c i  u s in g  t h e  c r o s s — a s s e m b l e r  f o r  a nec-:

m a c h i n e  is to g r o u p  t h e  in s t  r e  t ion m c i -  : : c c r u i c s  i n t o  canon he  c l a s ses , each

ctmnon ic c lass  cons i s t  in.  of  m e m b e r s  I~~tv l o g  t h e  same op e r an d  s et  . Fite canonit-

c~lass d i v i s i o n s  f o r  F d l i i c _ I t i r e -  g i v e n  i n  -\ p u e - n d i x  B .  At  a f i r s t  g l a n c e , it  m c ’ -

a p p e a r  t h a t  can o n i c  e- lass~ s i i  cad 12  ( t i l e  0 1— and B 2 — s h i f t  i n s t ru c t  i ons  r - —

s p e - c t i v e l y ) have t h e ’  same ope c - t e e d  set t as can o n ic  c l a s s  2 , n a m e ly  a l l  t h r e e

classes require a singl e m mcd i ;m t e c - ons t  n t  (IC) as an op e r a n d .  Howev e r

upon more c a re f u l  i n s p e c t i o n  i t  i s  Soc-fl t h a t  t h e  IC in c a n o n i c  c l a s s  2 i s

intended f e r  p r o g r a m  rn e -n e c e r v  h i t s  ~e h~~ — ( I c i , e-~) h e  t h e  IC in c a n o n i e - c l a s s  11

(Ill—sh u t instruction s ) i l f e c  b . c the F c 1 —~~i e i f t  b i t s  2 9 — 3 0  and t h e  IC in c e l e c c e t i c

cess 12 ( B 2 — s h i f t  i n s t r e i e - t  I or e s )  a f f e c t s  t h e e  1 1 2 — s h i f t  b i t s  3 5 — 3 6 .  l i e n s

criteria for f o r m i n g  e c u - t i l e  c h i c - t e es  .-~h - u i i c i he t i - - e l  a l l  m e m b e rs c f  a c la s s

1 1
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b 11d h ive  C c -  ~~ i C i ~ - - t I e r e~~d ~ e t  , and if that operand Set  i n c l u d e s  an I F t h a t

l ( : : i i ~~t b e  j l l t e I ’ - l e d  t i  t e e -  S - e e b c c  p o s i t i o n  in t h e  b e r o g r e c e e  mcml  cry w o r d .

-\ 5 1 c C  ~I e~~t c . 1 ~~~ eb t a s k  I S ~I e t  er n l in i ng  t h e e -  IC c l a s ses . l h  i s  i s  ac—

e- oete p h i s l e e - e i  h~- r e  i t  b et - a l i - a  e e l  a l l  p o s s i b l e  b i t  p o s i t i o n s  f o r  w h i c h  ac t  IC

i s  i n t e n t -e l , and c u r  e a c h  c f  t h o s e  g r o u p s  c I c e i e i i ec g t h e  l i m i t s  t h a t  may  he

p l a c e - - : on an I i - .  P e e r  1 l - IF’ — I , t h e - r e-  a r e  3 p o s s i b le  I n -  it  i o n s  in  a p i - ‘g r a m

eee r ic r\ worcj t e e m  s - e e c  ch an IC is i n t e n d e d , namely  t h e  l a r g ~ - IC f i e l d  ( b i t s

t h e e ~ l I l — - c h t i  f t  h i t s  ( F I t s  2 9 — 3 0 ) , and th e  B 2 — s h e i f t  b i t s  ( h i t s  31 — .ke )

F ot - t h i c - r i c e o r e , ccl t i l e  f i r s t  c i t  I h e - s e - g roups  i t  is c o n v e n i e n t t o  p l a c e -  5 l i m i t

r e s t r i c t  i o n s , el a e : t e h y  — 2 h - ~* to 2 1 ) - c , , 0 t c ’ 2 ( c 4 7 , 0 t o  1023 , 0 to  409 1, te nd

0 to - 1. ih i i s  t h~’ 7 1 c l a ss es  as I i s t  ed in Appe n d i x  C were -  cr~-c t ed . (Note -

t h a t  cm t r a n s l a t  k ce i  t a b  I c -  is c o n v e n i e n t  f o r  t h e  s- c e B—sh ift classes in order

t e e  c i i  105- cm c rL eirc:::eeee- r t Ie c:ode ace IC of I — h  i n d i c a t i n g  the  ei im ni be . r of h i t s  to

s h e  i e ~t , h u t  I l l  I c ’w x  t h e  c r o s s — a s s e m b l e r  to  p r o d u c e  ti -m e code as l i s t e d  in t h e

b i t  d e f i n i t i o n s  of $ ,j cj c e n d i x  D.

I)t - t e - r m .i n i r e g t i m e ’ e x c l u s i v i t y  se ts  r e q u i r e s  c a r e f u l  ex a m in :m t  i - n c  of  t h e

p r o g r e m n e  el c t i l c ’r . bit ;mssignments. lx clu siv itv sets lice- ec~ cf ub to m d  j c e t e  in-

st  r ue -t  l en s  wh cch me - ce p l e d  w e l l  v c - N c  I ci te ive  ( i . e- . , may not  a p pea r  i n  t im e same’

p r o - t r a m  memory  word)  bu t  do n o t  t r y  te e  se t  t i m e  same h i t s  I .  The c r o s s —

llssemh I er per forms a l o g i c - a  I AN ] )  e m s  e a c h  i n s t  r i l e - t ion i s  add ed te ’ m prc gr :iri

mem ory  word , p r o d u c i n g  an e r r o r  message  i f  a n o n — z e r o  r e - s t i l t  i - - - ‘H t a m e d

i hu s , exc i u s i v i t  ‘: sd- t ee s h o u l d  - c u es i - ~t of h e i s t  n i e e t  i o n s  r e q u i r i n g  t h e -  same

; c rc gr ee::  I e I e - c e c o r v  e c o r c i  b i t s  bu t  may i i  n e c e s s a r i  l v  p c e e d e i c m -  a c c c e i f  I i t  n i e s s e e g e

freon thi s log i c - e e l  - \ N i )  l e e
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Three  m mcd i ; m t e  e ’ X e - l  u s i vi t y  Sect candidates for Pl-~ —T are AlT] operat ions

( b i t s  1—6) , ALU2 operations ( b i t s  7— 12)  , and c~ c n t  m l  opcodes (bits 41 — -+8) .

More - ca rd ed c o n s i d e r ar  ( c e l l  m d i  cat ~~ an e x c l u s i v i t y  set f o r  t h e  i n s t r u c t  ions

t h a t  use t h e  r c - c i r c u l a t  ing bus  ( h it  15) w i l l  i n d i c a t e  a c o n f l i c t  i f  an

er r o e c e ou s  a t t e m p t is mad e t o  s e t  t h e  r e - c  i r c e m l a t i n g  bus  to  t h e  c o n t e n t s  of

t h e  I-I r eg i s t e r  f o r  c l o c k i ng  i n t o  one 1 c f  t h e -  B registers , and to  t h e  c o n t e n t s

of a FE RAN l o c a t i o n  f o r  c l oc k i n g  i n t o  t h e  o t h e r  B r e g i s t e r .  T h i s  e l i m i n a t e s

a p r ob l e m  w i t h  t h e  f i r s t  ver s  ion of t h e  e r c c s s — a s s em b l e r  f o r  Pl -h1 1— I  which  did

no t  f l a g  t h e  e r r o n e ou s c o m b i n a t  ion of t h c  READ and MOVM i n s t r u c t i o n s .

E x a m i n i n g  b i t s  31 , 32 i n d i 1  ml Cs t h a t  t h e - s c - h i t s  c o n t r o l  t h e  s h i f t  in g

t h a t  may occur either in Bl or B2. Thus Bl ac-m d B2 may both perform shifts

s i m u l t u n e - c e e i s i v  as long as they  a re  t h e  same - t y p e  of s h i f t .  This adds  an

ex t ra  comp l e x i t y :  t he  B—shift instructions are mutually exclusive only if

they atte ’mpt t i e  set b i t s  31, 32 d i f f e r e n t l y .  This  problem is overcome by

def  i . n in g t en e’x c l e e s i v i t y  s e - I  f o r  the s h i f t  i n s t r u c t i o n s  as wel l  as an c— N —

c lus  i v it . ’- s e t  check  ( v i a  . DEXCLC) wimici e c Y l l I l l i n e s  b i t s  31 , 32 and p ro e h e e c e - - e no

e r r o r  message i t  t h e - s e - s e t  t i n g s  t i r e  t h e  same . I h e c -  f i n a l  e x c l u s i v i t y  set  is

def li -med f o r  I’E RAM access  i n s t r u c t  Ion s , to  cover the  case of an a t t e m p t  to

read and w r i t e  t h e  RAN s i m ult a ne ou s h r- w h e r e  e i th er t h e  read or w r i t e  ( h u t

no t  b o t h )  use t h e  c o n t e n t s  c i t  t h e  ~—r~- cis ter (PEAS~ l) as its effective

address.

These 6 e x c l u s i v i t y  e~ t s  comp le te-  those’ d e f i n e d  f o r  P M F — I .  b’ e - n h c a p s  i t

nay n ot he i m m e d i a t e l y  o b v i o u s  wily e i t h e r  c l a s s e s  we-re  no t  d e f i n e d .  For c-N —

amp l e - , one m i g h t  n o t i c e  t h a t  an attempt to perform a log ical righ t shift of

3 3
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4 hits as well as a logical ri ght shift of 2 h i t s  i.n Bl wou ld no t  p r o d u c e  an

e :-telusivi tv set conflict. However both of th e -se- instructions would attempt

t o  s e t  b i t  2 8= 1 and t u e  c r o s s — c e s s e m b ] e r  would  de t ec t  t h is as a confl I t w h i e - e c

it log iccm lly A N i l e - c l  the tes hit strings of the instruct ions.

Once t h e  1 m ee ~:u ige of t i le  m a c h i n e  has he -en e c i n c e p t u a l  l z c - d  in t h i s  m a c e l er

t h e  u s e r  is ready  to  he -g in c r e a t  ing his  tl e1~ m i t  ion f i l e s  as indi - at ~-d b c c l n w .

A. Sc t l in ~~ U~p t h e  L X ) - ) :  J I TI

Time -  EXEC f i l  c- used f o r  asse’mh i ing PNP— I code was named i’Mi ’ -\Hb - 1 L Y L L  t i n c i

ep ree:mr s as A p p e nd  i t-: F. ihe fir st c - c r  lines are standard and ap n c mr as give a

i n  P a r t  I , S e - c t  ion B . ] .  Th e F I I E D E F S  f o r  ddnames S F I L E , A D R F I L E , h F l l

B l N h : I L E , and F F [ . LL  a r e  a i sc e  t i m e -  s t a n d a r d  f o r m s  em s g i v e n  in P a r t  I, Se -ct i n n

0.1.

Time name- chosen for t i l e  a n c l e  i t  e e L  u re  f i l e  was PMP ARCH , and t h u s  the-

FI LDEF t o m  ARCFILE is:

1:1 A R C I ~ I Li -i D ISK PMP ARCH (I c~EC1 80 BLOCK 800 RECFN FB

Simi lark the - name chccsen for t h e  d j~ k i n s t r u c t i o n  file - wees PMI’INS DATA , and

thus the l - L l , E D E F  for INSFILE is:

FT I NSl - l LE DISK P M P I N S  DA tA (LRECL 80 BLOCK 800 Rb -h FN PB

B.  F e - n e - m e e t  b o g  tin I eee-i t r e e l - t i n e c  - l oh  h e  f o r  P MP— ]

The’ PN I’ — I j e t - - c t ruet ion tahle was created by an cessembl y of t h e  f i l e

i’ ~l l~ l~~~~j E O h - i F R A N . Ib is f l i c - , which a p p e a r s  cis  A p p e - t i c i  c x H , icc-g ins with t ho-

h)-\R( li p~~. - e c c i e e — c p c~ ’r ~-lP— l whi ch m u st dee -lore (‘Nh—I as a 60—hit machine ,

i -Ic

- 

-
- 
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having 12 instruction canonic classes and 7 IC classes . The lower and upper

memory l imits lire- not particularl y relevant , since P~’WINST FORTRAN will con-

tain no source code which will produce executable code.

The next 12 statements are the required .DEFI statements to define the

pseudo—ops not built-in to the cross—assembler. This includes all pseudo—ops

except .DARCH and .DEFI , and these definitions should be present in all files

gene-rating ace instru ct ion table.

The remainder of PMPINST contains a .DEFI pseudo—op to define each of

the mnemonics given in Reference 2. Each .DEFI is created from the defin i-

tion (as given in Reference 2). memory hit assignments (Appendix D), exclu-

sivity set definitions (Appendix E), IC class table (Appendix C), canonic

class table (Appendix B), and a list of control opeodes (Reference 2,

Appendix A). As an example , let us consider the mnemonic BMPY .

This instruction requires an addition (F=A PLUS B) in both ALUs , clock—

jog of both Al and A2 if the MSB of the M—reg istem is non—zero , and logically

left—shifting t hee contents of the N—register one bit. From thee ALU function

se le ct table (Appeced ix K) we see that for the function F=A PLUS B we must

choose the ALU contro l l ines S , S , S , S , C , and N such that S , S0 1 2 3 n 2 1

‘1=0 and S3c S0, -end C = l .  Sin e-c the addition is to he performed in both Al l’s ,

this means bits 1 , 4, 5, 7, 10, and 11 should be set =1. Furthermore , ex—
.

amin ing t h e  memory  h i t  assignments given in Appendix 0 indicates that N is

l o g i c m i l y  l e f t - — s h i f t e d  one b i t  i f  h i t  18=1 , and Al , A2 w i l l  be clocked when

time 11SF1 c c i  b-I is I if bit-c 22 , 23 , 2 +  a r e  given as 011 .

p
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Thus , t h e  6 0 — h i t  word for BMPY may be given (in oc t a l)  by :
It

~~~ 46460103000000000000. blu e requires the use of both ALUI and ALU2 , thereby

- belonging to  e x c l u s i v i ty  se ts  9 and 10. Since these are tile two LSB ’s of the

exclusivity set field , the exclusivit y ciumber coded is 3. Since BMPY does

fleet require ( n o r  allow) any lC , the IC class is coded as 0, and both flags

used to indicate a required IC and when forward referencing is allowed are

a l s c >  0. BMPY is not a pseudo—op therefore the pseudo—op flag should be 0,

~~ and s i n c e  no operands  a re  a l l o w e d  t h e  f l ag  to i nd i ca t e  w h e t h e r  eo examine

- 
any  operands  i f  an i n s u f f i c i e n t  number  were  coded is not appJ icable (and

t i i c - r e f e u r e  coded ms 0 ) .  From the canonic class table we find BMPY belongs

to  canonic class 1. Thus the definition line for BMPY becomes :

. D E F I  bb - 1i’Y= ’46460103 , 3 ,O ,O , 0 ,0 , 0 , l

When a l l  i c l s t r e u c t i o n  mnemonics  have been similarly defined and stored

as par t  of the instruction table it is important to write th i s  t ab le  t o

d i s k . Thi s i s accomp l is h ed b y use of t h e  pseudo—op . CREATI .

As p r e v i o u s l y  neen t i on ed , i f  t i - me c ross—assembler  is used to assemble

t h i s  f i l e  the appropriate disk instreu-t ion file will be created . It is im—

I 

. portant to remember however that no a r c h i t e c t u r e -  f I. ] e s h o u l d  he read b e f o r e —

hcmnd , and so when a s s e m b l i n g  PM PTNST FORTRA N t h e  f i l e -  PMP ARCH s h o u l d  he re-

n a m e d  (~~~f t c ’~~ t imes TEMP ARCH has been u s e d ) .

I.
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C. Creating an Architecture File for PMP—I

The EXEC f i l e  f o r  PMP— l cross—ass emblies names a file called PMP ARCH

to be assembled b e f o r e  a s sembl ing  a user source program.  Thus PMP ARCH

— (which appears as Appendix  C) may be used to define the particulars of PMP—I .

Naturally the first statement of PMP ARCH must be a .DARCH , since it is

this pseudo—op which causes the cross—assembler to dynamically allocate neces-

sary storage areas . The operands of .DARCH are clear , since PMP—I is a 60—bit

machine with 2K of program mc’mory , and for which the instructions have been

div ided  in to  12 canonic classes and t h e  IC ’ s in to  7 IC classes . Immedia te ly

following comes the definition of the pseudo—op .DEFLTI and by issuing the

.DEFLTI pseudo—op the default instruction table previously created from

PMPINST FORTRAN is retrieved from disk.

The 12 canonic classes are then defined , each class definition consist-

ing of one .DCLASS pseudo—op and a .DOP pseudo—op fo r  each a l lowable  ope rand .

( N ot i c e  t h a t  canonic class 1 al lows no operands and t h e r e f o r e  no . I)OP is

used.) Special attention is drawn to the  fact  t ha t  t he  f o u r t h  operand of

.DOP actually specifies the order in which the cross—assembler examines the

1st of available operands. in particular , this implies that when an operand

may be either an IC or something else the other possibilities should be

checked for first , othierwise the cross—assembler will incorrectly attempt to

evaluate an operand which is not an IC as an IC.

As an examp le let us consider the definition of canonic class 9. From

th e ccmnonic class table appearing as Appendix B we see that a class 9 ifl

struction may hav e 2 , 3 , or 4 operands , the first of which must be either an 

_
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immediate constant (IC) or Y, and the remaining operands should be one or more

from the set )X , S, El) b . Therefore , the .DCLASS pseudo—op for canonic class 9

specifies at least 2 operands hut no more than 4 operands may be coded , and

S operands are included in the operand set. The final operand which sped —

fies any required operands is given as ‘20. This means that of the 1 5—bit

field corresponding to this operand bit 11 Is 1 , I . e . , of the operands whose

ind ices  are- I and 2 at  least  one’ mus t  be coded .

The ope rands  of c a n o n i c  c lass  9 , in the order of their indices , are ‘c ,

112 , X , S , and 10) . N e t  i c e  that the las t  operand of .DCLASS specifies that

eitlmer Y or IC must be the first operand coded , which satisfies the canonic

class 9 r u l e .  Also , Y must have a lower index than l(: (1 vs 2) in order to

prevent the cross—assembler from an attempt to evaluate Y as an immediate

constant. Both Y and IC must appear as tile first operand if they appear and

so the fifth operand of .l)OP (num ~p~oded) sh ou ld  be se t  = 1. Tile order of X ,

S, and/or El) is not important and therefore nurno p cod ed is  g iven as z i n c  ~ t

these  cases.

There is only one exclusivity set check and override case in PMP—I , the

shift instructions (exclusivity sit 6). The .DEXCLC pseudo—op is used t o

indicate that it~ two instructions of exclusivity set 6 are- coded for the same

program memory word there is no conflict if the shift l-’its 31—3 2 are simi lm r

for both instructions.

Only one t r a n s l e t  j im t a b l e  is nec e-ss: ir ’ , t h e  t r a n s l a t i o n  t a b l e  i c e r  t h e

s h i f t i n s t r uc t  ions .  Fee .1)TRAN S pseudo—op allocates I translation table with

-~ i- ntr i es , and the .DTTAB pseudo—op is used to f i l l  t h i s  t a b l e  w i t h  t h e

38



res ults to be used for the shif t—count—bits (bits 29—30 and 35—36) as m di—

cated in Appendix D.

D. Assembling~~~ User Sou~~~~~1p~~~~1

After the creation of PMPASM EXEC , PMP ARCH, and PMPINST FORTRAN ’s

assembly to create the instruct ion table on disk , the burden is removed from

the user. The user need only invoke the PMPASM EXEC by typing the CMS command :

PMPASM name

where name and t ype are respectively the filename and filetype of the user ’s

source program. All appropriate machine definitions occur automaticall y,

transparent to The- user ’s program.

A fo l low—up program has also been generated to create a paper tape

whi ch may se rve as input to PMP—I. This program may be invoked by entering

the command :

PMPPUN name

where name is the same filena me as entered in the assembly process. Eventual—

ly a more soph i s t i c a t e d  method  w i l l  exis t  whereby the user may send the ob—

ject binary directl y from the IBM 370 to a minicomputer which in turn com—

munica t e s  w i t h  PMP — I . b u t  t h i s  sys t em does not yet ex i s t .

39
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~jperm~Ii x A .  Definition of Terms and Concepts

Fol lowing is a d i scuss ion  of terms and concepts which appear  f r e q u e n t l y

in the text of this report.

1. Canonic class. Perhaps one of the most fundamental ideas behind the

use of the general cross—assembler is defining canonic classes

and dividing the instructions into the appropriate canonic

classes. A canonic class is formed by a group of instructions ,

all of which have the same list of allowable operands . The sole

differenc e between two canonic classes is that some difference

exists either in allowable number of operands , allowable operands ,

or action taken by the cross—assembler (e.g., in the case of PMP—I ,

LRSBI and LRSB2 are not in same class since in the first case

tb’ cross—assembler defines Bl—shift bits and in the second case

B2—sh ift hits are defined) .

2. ( r o s s — e i s s t - c h l i  er. An assembler which runs on one machine , but assembles

code feir em c ic u t her reeaeh joe.

3. Delimiter. One of a set of special control characters recognized by

• the cross—assembler. This set consists of the comma ( , ) ,  semi—

colon ( ; ) ,  colon (:), slash ( I ) ,  equals (), and b lank ( ) .

Delimiters are used to break the source line into segments (see

Token). 
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4 .  Exclusivity_Set. ]h i s  c o n c e p t  p e r t ai n s  to two or more- instruct ions

which are mutuall y e ’xelee sive , i.e. , they may not appear ie : cl ue same

program memory word. l i c e -  r e q u i r e m e n t  cci d c-fini ng t - e - : I  i u s i v i t v

sets arises from the e dc-si gn of the cross—eu ssembl er h r  m l  c r _

p rog ramm able ’  m a ch i n es , f o r  wh i d e  more- t i u , m c e  nc  inst ruct ion ne em v

he code-I ~n the same p r l e g r e m n i  ne c -no r v  l o c e m t  ion  as long as conflict ing

so u r c e s , de st  i n l e t  ions , a n d/ o r  w i r e - s  a r e  no t  required.

5 . IC ( I m m c _’d i a tc -  C on s t a n t )  . The term IC (or Incm e-di,qt I ( l e n s t a n t  ) r e f e r s

t o  an operand w h i c h  i s  c i t - l e e r  cm n ui mer li - e l c oci st cm nt or a s m h c e e l i c

l a b e l  (wh i i h  u ice cr cuse ~— eesseob icr converts t o  a n u l r l e - n i c m l  e o n s t e m n t )

h . T e ~ Ciass  . An [ 12 c l a s s  cons h e-~t s of m group of n ec:ee -r  i c  m l  c o n s t a n t s ,

h o u n d e d  l i v  h o t l e  ace uppe - r  em n d e m I c -x e r l i m i t .  In  c m d d i t i c c n  t i e  t h e e - s e -

l i m i t s  an IC class ica~ e m -eS l e t - e d  w itb e i t  h e - g i n n i n g  mccl  c a c h i n g

b i t  n u m b e r s  w h i c h  spe c ~ t V whe re - in all i n — c t r un t ion wet-i i t  is ) i e

he p l a c e d .  Ane t h er  f~- eu i c c e l lo wed  in ecu I C  class i - - c  t r i c e—i - c t  ice t e

the input coelst. ant by me ans of m e t ransic i ice d t a b l e - .

7. Lar ~~e IC Field. The’ ‘1 l e d g e -  IC f i c I  d ’ re f e r r e d to in t h e - . t  i s  t h e

f i e l d  typ Ic - e m i l y  ems ed tee hold ; m c l d r c c - -se s or ;mui dr ~’-~s d ic - e pl e t t a c f l t s .

For c - - e u  n ip  h e - , on the ‘NI the is (,S ‘ ee l  d he h i  c -e 9 t e r  - i egO b e (wit be

MSB = 1); on t h e Dat e general N i , c- m this v a l I d  he - h i t  -c 8 I r e l e g i m

15 ( wit h MS B = 0).

~~~. M e- C e l e e e l g e c ; m c e - . A I eegu m ; m g c mused in tile dc-f m u  ion I t  - ‘ t  c c - c  h . u m i g u m 1 : c - - ~ . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~ 
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Y • ( ) je code- . An operation code , wh ich specifies operation or instruction to

~ performed. i-~m ch opcode is typically represented by an abbre—

\.- i - c t  I cc i , Ic r mn emi eon I c .

lu . ()perand. l v p c c a l l y used to specif y either sources and/or destinati ons

f o r  an operation code. For e x a m p l e , c o n s i d e r i n g  t h e  PM}’ i n s t r u c t i o n

A DD 1 Al  ,l’l t i l e  o p c c e d e  is AUDi and operands (in t h i s  case d e s t i n a —

ti ons) are  Al and N.

11. PMP. Parallel Mi croprogrammab le Processor. A high—speed processor de—

sig cee-d for di g i t - i l  s h i- c ea l processing applications at Massachus etts

Institut e- of Teclmno legv , Lincoln Laboratory .

12.  Pro~gram Counter. The term program counter as used here is synonymous

with t bee - emddr c-ss of the current program memory locat ion .

ii. Psc-em d — e p .  A command w h i c h  controls the cross—assembler , hut itself

p roduces  no e x e c u i t a h i  e ohl  ect  code .

l:’c . ioke c~. A cheiracter s t r i n g  sepa ra t ed  from the remainder of a source-

line ic y  delimiters. A token may c o n t a i n  no imbedded  c h e l i m i t e r ~~.

A token will he either a label , opcode , or operand.

1 ‘3. T ran s  l e m t  i e e e 1 m b  I i .  Used tee convert the ac -tual IC coded h\ em pro g r emmme - r

to thee hit string placed in a program memory word , if tile two are-

not equ ivale ent. An optional offset may also be specified , whe i~-h at

mss emhl v t ime’ is added to the coded IC before using that numhc- r as

thee- i ce dex to thce appropriate trmc ns l ;mt ion table index.

- 4 3
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APPE I ’ID IX C. IC Classes  and T r a n s l a t i o n  Tables fo r  P M P—I

B e g i nn i n g  Ending T ’an s l a t  ion
IC C l a s s  4 L i m i t s  Bi t  4 Bi t  4 T a b l e

1 — 2 0 4 8 ~~~I c < 2 0 4 7  49 60 O (No n e)

2 0<IC < 2047 49 60 0 ( N o c i e )

3 0<IC<l0 2 3 49 60 0 ( N o n e )

4 0< IC < 4095 49 60 0 ( N o n e )

5 l < IC < 4 49 60 0 ( Nocecc )

6 l ’ c I C < 4  29 30 1

7 l’c IC-c 4 35 36 1

TABLE 1

IC TRANSLATION

Tabl e E n t ry  Tab le_ Value

1 3

2 1

• 3 2

4 0

— - .7 
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A l ’ i ’ l  N ) I X  U .  ‘ N h - I  P r u ~~rane Menco t_ A s s i g n m e n t s

K l L L . ~ ,PEAS LSB

P1 CUNTROL BITS 

c-i ~~~~~~~~ ~ Jee

SHIFT

A L L I  ALU2 
1~~~~~~

\M M 
~~~~~~~~~

~cec te: In t h e e  descri pt ions b e l o w , [ ] s t a n d s  f o r  “ con t en t s  of re -g i s te r ” .

H i c c  D e S c r ip t i o f l of C on t l - e c l  h u n c t i o c e

1 S fo r  A l L  I

.7 S , t o r  ALI I

~‘l tu ’r ALt’ ]

c ) 1  c’clT I

5 C f e ~~ Al 111
i-i

• 6 1 f e r  \Ll’l

7 S
1 

f o r  c_ \ l .1T2

f or  AlJ 7

9 S
1 for - ‘ 1 1 2 .

10 S0 fo r  \l [2.

I i  C ic r Al lJ 2
ri

12 7-1 f or ALI 2

I.

4 8
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Bit De sc- r~~~t io n o f Con t rol Func tion

13 ~~-L- e-t s  i n p u t  d a t a  f o r  RAM . If 1, select [I]. If 0, select [M].

14 W r i t e  pu l se  to  PE RAN .

15 S e l e c t s  d a t a  f o r  r e c i r c u l a t i n g  bus .  If  1, select F M ] . If  0 ,

sel e c t  RAM o u t p u t .

l h  Selects input data f o r  M. I f  0 , s e l e c t  ALU 1 o u t p u t . l f  1,

s el e c t  AJ U2 output.

17 C l o c k  N r e g i s t e r .

18 Cau ses data in N to be left—shifted 1 b i t .  The shift is logical

unless control bits 22 , 23 , 24 are set to ‘110’ , in w h i c h  case

the inverted sign bit of ALUI is shifted in as the LSB.

Clock AL UJ si gn , vv~- r f l o w , e q u a l , and c a r ry  fli p—flops.

It ALUI i c-c sCt f o r  F=A l and b i t  20= 1, F=A1 if sign f l i p — f l o p  = 0 ,

F B I  i f  s~~~n f l i p — f l o p  = 1. (Used to  f i n d  l a rger  of [Al l and 1B 1 1 )

I i  c _ N i l  is  set for F=Bl and h i t  20= 1 , F=Bl if si gn f l i p — f l o p  = 0 .

F = A l  i t  s i g n  f l i p — f l o p  1. (Used to f i nd  s ma i l e r  of [Al l and 1 8 1 1 . ,  
1

1
21 S c i - - t s  si gn , ccv e- rf 1o e~:, equa l , and carry flip—flops for possibl e-

c l u ck in g into B2.

22 , 2 1 , 2- ’. The -se e~p e -c 1 c m ]  h i  Cs e m r e  d e c o d e d  as f o l l o w s :

00 1 :A 2  is c h e c k e d  i f  s i gn  b i t  of 7-1 is 1

( 11 0 :41 is (- locked if - ign  b i t  of  N is  1

O i l  .41  ac ed -\2 a re  c locked  i f  s ign  h i t  of M is 1

l O P  : e l p e r at  ion  in AI [.7 is changed i i  F=A+B is -hosen so t h e a t  F B

i f  s i g e e  I I I 1 1 1 2  1=0 , i~~7- 117O 1S B if sign of [B 2 ] = 1 .

.•



-

‘ 
Bit Descric_ ption of C o n t r o l  F u n c t i o n

22 ,2 3 ,24 lOl :AI and A2 are clocked if the sign bit of ALU1 is 0.

l l O : T he  sign bit of ALU1 is inverted and clocked into LSB of M if

bit 18=1. Al is clocked if sign bit of ALU1 is 0.

111:42 is c-l ocked i f si gn of M is 0. M is logicall y left—shifted

1 b i t  u n le s s  s i g n  of [M I  = 1.

2 5  Ih e  O — r e - g t s te - c is u nc o n d i t i o n al l y loaded (based on bit 15), and an

e c- c t e r n a l  i n t e r ru p t  i s  g e n e r a t e d .

26 I f  sign of A I L I  is 3 ;  0 — r e g i s t er  is loaded (based on b i t  15) ,

busy f l i p — f l o p  is set , and an ex te rna l  i n t e r r u p t  is generat~~~.

27 S c - - I  c - - c t s  i n p u t  f or  Bl . T f 1 , r e c i r c u l a t  ing bus is chosen . I f  0 ,

B] s h i f t e r  is chosen .

— - 28 Clocks  Bl w i t h  t he  da t a  se lected by b i t  2 7 .

2 9 , 30 Dat-i in Wi is clocked into Bl shifter , and shifted 1,2,3, or 4

p lac e - - c -  r i g h t .  S i g n  b i t  is f i l l e d  accord ing to  h i t s  31 , 3 2 .  7~e e e-cHc r

of shif ts is giv e-n by bit s 29 , 30 as follows :

00—shift 4 bits

10—shift 3 bits

01—shift 2 bits

1 l — s i e i l t  I b i t

it , 12 f h i e -s e  b i t s  d e t e r m i n e  the  t ype  of s h i f t i n g  done in bo th  s h i f t e r s

~c c c Ic r ui tog to:

() 0: - m ric lc c ccc-t ic right shifting (Sign bit is shifted into Itse l f and

ne-c-c t LSB).

50
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Bi t Descr~~p~~ on of Con t ro l  F u n c t i o n

31,32 01:Circular right shifting (LSB becomes M S B ) .

IX:Logical right shifting (Shift zeroes into MSB).

— 33 Selects input for B2. If 1, recirculating bus is chosen . If 0,

B2 shifter is chosen .

34 Clocks B2 w i t h  t he  da ta  s e l ec t ed  by b i t  33.

35 ,36 Data in B2 is clocked into B2 shifter , and shifted 1,2 ,3 , or 4

places right. Sign bit is filled according to bits 31 , 32.

Number of shifts is controlled by b its 35 , 36 as f ollows:

• 00—shift 4 bits

10—shift 3 bits

• 0 1 — s h i f t 2 b i t s

lI—shift 1 bit

37 Cl oc ks Al , loading output of ALU1.

I 38 Cl ocks A2 , load ing output of ALU2 .

L 39 Kill bit. If =1 when a jump is taken , the instruction pipeline

is k i l l e d .

• 40 FE address select  b i t .  If  =1 the PE RAM address is given by [5].

I f  0, PE RAN addres s is given by the IC field of the program memory

word .

41—48 Control opcodes. For a complete listing ~c f the current assignments ,

see Reference [2] Appendix A.

49—60 Immediate Constant (IC) field.

— 
51 
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APP ENDIX E. PMP-I Exc lusiv i ty  Sets

C -

MSB LSB
BIT 1 2 3 4 5 I 6 7 8 9 10

PE IB —RE C . REC IRC CONTR. ALU2 ALUI
RAM ~HIFT . BUS TYPES

ACCESS I USED

1~~~~~~~~~~~Se t r ip ~~~on

1— 4 Not used.

5 I n s t r u c t i o n s  tha t  r equ i re  a PE RAM access . t h i s

includes  MOV 1 , WR , READ , WRS , READS .

6 The B — r e g i s t e r  s h i f t  i n s t r u c t i o n s .  R e c a l l  t h a t

the  ru l e  appl y ing  to these is t h a t  a shift may he

done s i m u l t a n e o u s l y  In bo th  B — r e~~i s te r s  onl y i f

the sante type is done in both. Thus a .DEXCLC

( D e fi n e  E x c l u s i v i ty  Set Cheek)  p s e ;u l c c — i ’p  wi ll h~

u sed fo r  the  b i t s  which  i nd i c a t e  the  type of

shifting to be done.

7 I n s t r u c t i o n s  us ing  the  r e c ir c u l a t ing bus .

This cons i s t s  of MOVM , READ , and READS .

8 This set consists of all controller instructions ,
.

of w h i c h  onl y one per program memory word may be

coded .

9 All  i n s t ru c t i o n s  us ing  ALU2.

10 All instructions using ALU1.

52
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APPENDIX F. EXEC File for  a PMP—I Cross Assembler

FILE: PNPASM EXEC A 1/12/77 09:39 ~.I.T. LINCOLN LABORATORY

&CONTROL ERROR
CR LINK PLIOPT 191 199 RE
ACCESS 199 Z/Z
GLOBAL TXTLIB SYSLIB PLILIB FORTLIB GRLL
FT AB CFILE DISK PNP ARCH (LRECL 80 BLOCK 800 RECFN FR
FT SPILE DISK 61 62 63 (LRECL 80 BLOCK 800 REC FN PB
Fl A DRF ILE DISK PM PAD R DATA (BLOCK 80 RECFM V B
Fl WF I L E DISK 61 LISTING (LRECL 133 BLOCK 133 RECFN F
Fl BINFI LE DISK &1 OBJECT (LRECL 80 BLOCK 800 REC FM PB
Fl TFILE TE RM INAL (LRECL 132
Fl INSFILE DISK PMPINS DATA (LPECL 80 BLOCK 800 R!CFPI FR
L O A D  G E N A S M  GENHASII G E N B I L D  ( N O M A P  NO D I JP START

.

53

--—- — —- -

~ 

-— - - - — - - -—



APPENDIX C. Architecture Definitions for PMP—I

- - FILE : PM? ARCH A 12/21/76 09:44 N.I.T. LINCOLN LABORATORY

.DAP CH 60,0,20148,12 ,7 PMP0001O

.DEFI .DEFLTI=~ 0,0,O,O,O,1,0,4 PMP0002O

.DEFLTI PN P0003O

.DCLASS 1,0,0,0,0 PMP000mI O

.DCLASS 2,1 ,1 ,1 ,1 PM P 00 05O

.DOP IC ,’O ,2 ,1 ,1 ,1 P M P 0 0 06O

.D CI AS S 3, 1,2,2,0 P M P 0 0 0 7 O

.DOP A1 . ’0 0000 000 0 00 04 ,3, 1 , O P M P 000 8 O
DO? !~, ‘000002, 3,2 , 0 PM P00090

.DCLASS 4 , 1.2, 2 ,0 PM P OO 1 0 0

.00? A 2 , ’00000 00000 002 . 14 , 1 ,O P M P O O 1 I O

.00? M , ’00000 6 ,4 , 2, 0 PM P O O 1 2 O

.DCLASS 5 , 1 ,3 ,3 , 0 P M P O O 1 3 O

.00? X,’00000000000000014 ,5 ,1,O PM P O O 1L 4 O

.00? S, ’0000 00000 000000 2 , 5 ,2 , O P M P O O 1 5 O

.D OP EO,’0000000000000001 ,5,3,0 PMPOO1 6O

.DCLA SS 6,2 ,~4 ,4,0 PM POO1 7O

.D OP IC ,’0 ,6,1 ,1 ,3 PM P OO1 8O

.DOP B1 ,’0000000014 ,6,2,0 P N P O O 1 9 O

.00? B2,’000000000014,6,3,0 PNPOO200

.00? 0,1000000004 ,6,4,0 P M P O O 2 1 O

.DCLASS 7,1 ,1 ,2,0 PN P O O 2 2 O

.00? IC ,’0 ,7,2 ,1,1 PMPOO 23O

.00? Y , ’000000 000 0000001 , 7 , 1,1 P M P O O 2 L I O

.DCLASS 8,1 ,1 ,2 ,0 PMPUO 25O

.00? IC ,’0,8,2,1 ,1 P M P O O 2 6O

.00? EI, ’00000000 00000001 ,8,1,1 P MP 0 0~~~O

.DC IASS 9,2,14 ,5 ,120 PMP OO 28C

.oop y, ’0000000000 0000 10 ,9 , 1, i P M P 0 0 2 9 0

.DOP IC ,’O ,9 ,2 ,1 ,1 P M P O O 3 00

.00? I , ‘000000000000000 4 ,9 , 3,0 P M P O O 3 1 O

.00? 5, ‘0000000000000002 ,9,4,0 PM P00320

.DOP EO.’0000000000000001 ,9,5,0 PMP003~ 0.DCLASS 10,1,3,3,0 PM POO34O

.00? 8I ,’0000000014,10,1 ,0 PMP00~~ O

.DOP B2,’000000000014,10,2,O PM P00~ 60.00? 0,’000000004,10,3,0 PM P0O3~ 0• .D C I ASS 11 , 1,1,1,0 P M P 0 O ~~80

.00? IC,1O,11 ,1,1,6 PMPOO39O

.DCLASS 12 ,1 ,1 ,1 ,0 PMP O O U O O

.DOP IC,’0,12 ,1,1,7 PMPC-0141 0

.DEXCLC 6,31 ,32 PMP001420

.DTPANS 1,4 PMPOOU 3O

.DTTAB 1,0,1,3,1 ,2 ,0 PM P00Ii m~0

.DEFIC 1,—20 148,2047,49,60,0 PMPOO4SO

.D!FIC 2,0,20 47,149,60,0 PMP 00 ’~60

.DEFIC 3,0,1023 ,149,60 ,0 PM POO LI 7O

.DEFIC 4,0,14095,49,60 ,0 PMPOO LI BO

.DEFI C 5,1 ,4 ,~~9,uO ,0 PM POO14 9O

.D!F-IC 6,1,4,29 ,30,1 PM P OO500

.DEFI C 7,1 ,4 ,35 ,36,1 P N P O O 5 1O

— 54
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APPENDIX H. Instruction Table File for PM P—I

FILE: PM PINST FOR TR A N A 2/08/77 14:29 M .I.T. LINCOLN L A B O R A T O R Y

.DAE CH 60 ,0,20148.12 ,7

.0!FI .DEFIC ~~’O ,O ,O ,0,0, 1.0,1

.tEF I .DCLAS S= ’O ,O ,O ,O,O,l , 0,3

.DEFI .00?— ‘0,0.0,0,0,1 ,0,6

.DEFI .DEFLTI~~’ 0.0.0.0,0,1 ,0 ,14

.D!FI .CREA TI ‘0.0 ,0,0,0,1 ,0,5

.DEFI .DTTAB ’ 0,0,0,0,0,1 ,0,8

.DEFI .DT RAN S= ’O, O .0.0,0,1 ,0 ,9
• DEFI .L OC ‘0 , 0,0,0,0,1,0,10
.DEFI .DEFC ’O ,O ,O ,O ,O ,l ,O , 11
.DEFI .DEXCLC ’ 0.0.0,0,0,1,0,12
.DEFI .DI~ ASE ’C ,O ,0,O,0,1 ,O ,13
.DEFI .DOBASE= ’O ,O ,O ,O,O,l ,0,114
.DEFI BM P Y ’146460103 ,3,O , 0,0,O .0,1
.DEFI LLSM ’OOOOOl ,O,O,O ,O,O,O,l
.DEFI FFB2= ’00000010000i4 ,O ,O,O ,O ,O ,O,1
.DEFI CA B= ’3000004,1 ,0,0,O,0,0,1
. D E F I C MO = ’3 0 0 0 1 0 0 02 , 1,O , O , O ,O , O , 1

I ’ .D E F I  B M P Y 1 ’ 146000102 , 1, 0,0 , 0,0 , 0 ,1
.DEFI BMPY2 ’001460101,2,0.O ,O,O ,0,1
.D E F I  B D I V ’3 0 0 00 1 0 6 , 1,O, O , O ,0, O , 1
.DEFI BFIX ’76510005001414,’23,O,0,0,O,O,1
.DF ~FI  BFL 0~~~0 0 O O 0 0 O 7 ,0 , 0 , 0 , 0 ,O , 0 , 1
.D~ FI N0V1 ’00006,’UO ,3,1,0,0,0,2
.DEFI WR= ’00002 ,’&e0,3 ,1,0,0,0,2
.DEFI WR S= ’00002000000004,1140,0,0,O,0,0,1
.DEFI AR SB1~~’OOO000OO014,’20,6,O,O,O,O,11.DEFI AR SB2~~ 0OC~ ~0000O4,’20,7,O,0,O,O,12.DEFI L?SB1 I00000000014U, 2U ,6,O ,O,0,0,11
•DEFI LRSB2~ ’O000OOO000414,’20,7,O,0,D,0,12
.DEFI L FAf ~SB1 ’O000O0OO0LL ,’2O ,6,0,0,0,O ,11
.D~ YI LE~,PSt2~~ 00O00OOO002I8,12O,7,O,O,O,O,12
.DEFI LAB = ’51000O~ ,1 ,0,C ,C ,0,1 ,3
.D E F I  S A 5 = ’7~- 0 0 O O 2 , 1, O ,0. 0 , 0 , 1 ,~
. D E FI  M O V A 1 ’7 5 , 1 , 0 , O , Q , 0, 1, 3
.DEFI Mr V A 2= ’ 0075,2,0,0,0,0,1,14
.DEFI M0V81 ’Sl ,1,0,0,0,0, 1 ,3
.DEFI MOVB2= ’O051 ,2,O,O,0,O,1 ,14
.DEFI COMA1 ’ ’Ol ,1,0,0,0,0,1 ,3
.DEFI COMA2 = ’0001,2,O,O,O,O,1,14
.DEFI COMB1 = ’25 ,1,O ,O ,O,O ,1 ,3
.~eFFI C0M~ 2= ’0025,2,O,0,0,O,1,4
.DEFI OR1= ’71 .1 ,0,0,0,0,1 • 3
.DEFI 0R2= ’0071 ,2,O,O,0,0,1 ,14
.DEFI AN D1— - ’SS .l ,O ,O ,O ,O,l , 3
.DEFI AN D2= ’ 0055,2,0,0,0,0,1 ,14
.DEFI XOR1= ‘31 ,1 ,0,0,0,0,1 .3
.DEFI X0 F2= ’0031 ,2,O ,O ,0,O ,1 ,14
.CEFI A DD 1= ‘46 ,1 ,0 ,0,0,0, 1 ,3
.DEFI A DD2= ’0041 6,2 , O ,O ,O , O, 1 ,14
. D E F I  S U B 1 =  ‘30 , 1 , 0 , 0 , 0 , 0 , 1 . 3
.DEFI SU82= ’0030,2,O ,O,O,O, 1 ,14
.0!?! LLS A1 = ’62 ,1 ,0,O ,0,O , 1 ,3
.DE?I LLSA2 ’O062 ,2,O,0,0,0,1,14
.DEFI ZR01= ’114,1,O ,O,O,O,1 ,3
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APPEND [X i i .  Instruction Table File for PMP-I (Continued)

FILE: PMPINST FORTRAN A 2/08/77 14:29 M.I.T. LINCOLN LABORATORY

. DE F I  ZR 0 2 ’0 0 114 , 2 , 0 ,& , 0 ,0 , 1 ,4

.DEFI O N F c t = ’lu ,1,O ,O,O ,0,1 ,3

. O E F I O N F . i 2 = ’ 0 0 1 6 , 2 , 0 , O , O , O , 1, 4 —

. D E F I  AB S ’00 ~~6 ) G N u , . O , O , O , O , 1 ,L4
.OEF T P E P ~D~~’0 ,15O, 3 , 1 ,O , O ,~~,~
•~~FC M V M r 1 O O 0 O 1 ,~~10 .O ,O ,O ,O,O ,10
.rLEF I A~~- - ’O ,~~,1 ,O ,O .c - ,0,9
. D E F I  J M c - X~~b O ) O O O O O O ~~o O O O O 1 O ,4 , O , O. O , 0 ,O .1
.~~EFI J’~~X= ’0 0O O C O0 O 0 O O O 1 C 1 C ,i~,0,O, O ,0,O ,1
. r E ~~T S Ur ~= ’ 0 O 0 O 0 O O C O O O 0 C O ~~0 , 4 , 1 , 0, 0 , O , O, 9
• - -~-- ‘- V ?= •ib000 (10000 0000030,4,O,O,O,0,O ,1
.
~~~~

F I
. r~~1~T ~N ’ o O O O O O O 0 0 c c o c ~o L ~0 .u , 1, O, 0 , O. 0, 9
~~~~~ fl~~~~t Y = ~ O C - O C O 0 O O 0 C 0 O 0 12 6 , 4 , 0, O , O, 0 ,0. 1
.~~F F I  r r F ~~ xY b 0O0OO O0O 00OO 0127 ,4.0,0,O .O,O,1
. f l F r T  ‘OOO00N ~O00OO0C- fO ,L~,1 ,0,O,O ,0,9
.D E F I  ~X T ~~E A ~ - ‘e000000000ccj131 ,4,0.0,e ,O.O,1
.P!T-I EN~~BL= ’OCOO OO 0O0O 0O0 1-~O,14 ,0,O ,0,O,0,1
.D ~”~ T X0~~~’ 0 0 O O O O 0 0 0 0 O O 0 1 0 0 , L4 , 1 ,~~, 0 , 0 , C- , 9
.rFFI DS A BL ’000000000000011O ,4,O,0,C ,O ,0,1
. r- r r i  p sP~vs = O O O O 0 0 O O O O 0 0 O 1 . c , 14 , O , 0 , 0 ,0, O ,1
~~~~ L~ X ’ O0O00~ 000OOOO13 0 ,L4 ,1 ,1,0,O ,0,2
.rFF- I P E ~~r s = 1O 0 O O G O 0 O O 0 0 0 0 4 , 150 , 0, O , 0 , 0, O , 1O
.rE~~T 1~ r = ’O 0O O 0 C0 0 O O O O O O 2 O ,~~,2,1 ,1 ,~~,1,~

• . D F F T  “ vx= ’0000t-0 Cc5 000001140,l4 ,0,0.O.O ,0,5
.eE~FI JMK ’0000000000001O2O, 4,2,1 , 1 ,0, 1 ,2
.DEFI M VY= I00000000000001S O .4,O ,O,O ,0,0,5
.DEF’ JN PX L=bOOOOO 0000O 0OO1 37 ,4,~~,1,1 ,O ,1 ,2
.~~~F I  : ‘ c x = 0 0 0 0 0 0 0 0 0 0 0 0 0 1 6 O ,q , 0 , 0, 0 , 0 , 0 , 5
. ‘F F T  J M1 ~XL ’ O O O O O C O 0 0 0 O ~~1137 , U , 2 , 1 , 1 ,0 , 1 , 2
. E ” F I  D E C X = ’ 0 0 0 0 0 0 0 0 0 0 0 0 0 1 7 O , L4 , Q . 0, O ,0 , 0 , 5
. r -E F T J~~~X F = ’ O O O O 0 C O O O O 0 O 1~~F- , 4 , 2 , 1, 1.0 , 1 , 2
. D E F T  T T S Y - : I O O C O O ’ O ( 1 0 0 0 0 0 2 0 0 , Li , 0 , O, O , O , 0, c
.t ~~F I  C O M P = ’ 00 0 0 0 0 0 0 0 0 0 0 0 2 1 0 , 14 , 1 , 0, O , O , O , ’
.~~~E F T  M~~ X ’OcO0 0OO 0O00OO21 ,14,3,O ,0,O ,O, 7
.DEFI M Y ’ O O O O O O O 0 O 0 O 0 O ~~’L4 ,L4 ,3 , 0, 0 , 0 , 0 , 7
.r -E ’~~ sTlu S= ’000000000000021f- .4,3,0,O ,0,O ,7
. P E F I L ’~S r I 0 O O O 0 0 O O 0 0 O 0 O 2 i 0 , L4 , 1 , O , 0 , O , O , 8
. f l~~ FI  LD” 1= ’ O 0 O O G O 0 0 0 O O O 0 ~~22 , 4 , O , O, O , O , O, 1
.~~ F F I  L I E I B = ’ 0 C - O 0 C - 0 O 0 O 0 O 0 0 2 ~~ 3 , I4 , C , 0 , 0 , 0 , 0 , 1
. D E F I  L D E O ’0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 . &i , 14 , 1 , 1 ,O , O , 0, 2
.DFFI .JMKX E=’0000000000001136,4,2,1,1,O,1,2
.~~EFI JM PX I I00000000000001LIO,14 ,2,1 ,1 ,O,1,2
. D E F I  J M Y X ’0 0 0 0 0 0 0 0 0 0 0 0 1 1L 3 O , 14 , 2 , 1, 1, 0 , 1, 2
.rEFI JM PAI ~~’OOOO 0OO0O0OOO 133 ,4,2,1 ,1,0,1,2
.DE?I JM KA L= ’OO OOO OO0 OOOO 1133, Le .~~,1 ,1.O ,1 ,2
. r - E~~I J ” P A E = ’ 0 0 0 0 0 0 0 0 0 0 0 0 0 1 ’ 2 , 4 , 2 , 1 , 1, O , 1 , 2
. 0 1  J M K A E = ’ 0 O 0 O O 0 O 0 O 0 O O 1 1 ~~2 , (4 ,2 , 1, 1,O , 1 , 2
. D E F I  J M P A G ’U 0 0 0 0 0 0 0 0 0 0 0 0 1 3 14 , 4 , 2 , 1, 1, O , 1.2
.DFFI J KAG = O00O0O0O0O 0O11~~4 ,14,2, 1,1 ,O,1,2
. D E F I  ‘~~PTX ’ e J O O O O O O O O O O O 0 1 3 5 , (4 , 2 , 1 , 1 , O , 1,2
.DEFI J M K T X = ’ 0 O O O O O O 0 0 0 O ~~1135 , U ,~~, 1, 1, O , 1, 2
.~~~F F I  JMUWF= ’00000000000C0160 ,14 ,2,1 ,1 ,O.1 ,2
.D !FI  J’~: v V F = ’0 0 0 0 0 C O 0 O 0 O 0 1 1 6 0 , L4 ,2 , 1 , 1, O , 1, 2
.r~~l t  D P F A D X = 000 0000 0 000001 2 11- , 14 , 1 , 1 , O ,0 , O , 2
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A} e l.~-.l e 1 ~~ Ii. l n s t r u c t i - m  iahie File for PMP—I (Continued)

F I L E :  P~~P~~4~~T FO i~I R A N  A /~-8/77 1i 4 : 2 ~ M . I . T .  L I N C O L N  L A B O R A T O R Y

. D E P I  C L F 1 ~~~ ’ O O 0 O O C O 0 0 0 0 O - ~2~~- , i4 , s~, 1 , 0 , O , O ,2

.D E F I  SETIO~~ 000O0OOCOO00O23, ,4,~~,1 ,Q, O ,0,2

.DE1~I rE rMux = ’O 0O0O 0OoonoO0~ 34,~~,~~,o ,o ,o ,o,7

.‘-E F I MSKIO OOOOOOOOO0O0O~~3~ ,r.i ,ti ,C ,0,0,0,7

.:-~
,Fr tAL T I000000000000023O ,L.,0,O ,O ,0,O , 1

.rFFI S FTAUX= ’0OC O00OOOO0O0;~~7,~4,O,O ,O ,O ,0,1

.r~EFI CL~~A UX= ‘ O C 0 O 0O0~ c oooo :~~o ,-c- ,o ,o ,o ,o ,-~j,i

.rF F I J M t r E I = 0OOOOO 000O OO 11.~c ,4,2,1 ,1,O ,1 ,:

. f l E F I  J M ! ~D E0 ’ O 0 O O O 0 O 0 0 O O O 1 1 . 3 .4 , 2 , 1 , 1 ,C , 1 ,2

.D~~~I JM- DHP=’0000000000001124 ,4,2 ,1 ,1 ,0,1 ,2

.r-F FI j~ p~-E := ’Ooc- 0oo 0Qoo --)oa12~ ,~~,2 ,1 ,1 ,o ,1 ,2. D E F T  J~~c~:~~ fl= ’ O 0 0 0 0 O O 0 O r i O 0 O 1 : 3 , .i , 2 , 1 , 1 , O , 1, 2

. L ~E F I  J ’ P r H P = ’0 C O C - ) 0 O 0 O O O 0 1 4 ,~i . L . 1 , 1, O , 1, 2

. C F F I  Lt - P~~- ’ O 0 0 O C C O 0 0 O 0 0 0 O E 0 ,~~, 5 , 1 .0 , 0 , O , 2

.D F F :  fl N i S = ’  0 0 0 0 0 0 0 0 0 - 3 -:oo 12 1 , ~,o, 0, 0,0, 0, 1

.D~~~F I  J~ P X N F = ’ O 0 O 0 O 0 O 0 0 O O O O ~~ 5 , t4 , , 1 , 1 , O , 1 , 2

.~~- ‘ F T  u~~- E = ’ 0 C ~C 0 O 0 O 0 O 2 O A 1 ! ~~~~, -i , 2 , 1 , 1 , O , 1 , 2

.r- ~~~i J~~p~~LE= ’00OO00O00OOCC-22 6,-~,2 , 1 ,1 ,O ,1 ,2

.1EFI J M K X L E = ’ 0 0 O C O O 0 O 0 0 ~~’ 1 . € , 4 , 2 , 1 , 1 , C ,1 , 2

. P?F I  1 x ~~~= ’ O O O O O 0 O O O O o o o 2 2 7 ,~~, 2 , 1 , 1, Q , 1, 2

.DFFI J~~~~~; c - = ’ O O O O O O 0 O O 0 O r 1 2 2 7 , Li , 2 , 1 , 1 , O , 1 ,2

.DEFT Lc -~~ ‘OO 0OO 00OO0OO CC EU ,-~, 1 ,1 ,0,0,0,2
.D E ~’T SWA PSY ’OOOOO00O OC0OO0 7~~.a , O ,0,O ,O ,O , 1
.LEFT ~ic V SYXS = ’0000COOO0O0~~0’5O , ~~, 0,0,0,0,0,1
.LEFI L E X ’ 0 O 0 O O O 0 0 0 0 O G 2 2 4 - ,~~, O,0,O ,O ,0,5
.tFFI M xs y=’oCc ~~Ooooooooo~ 5o ,t4,1,o ,o ,o,o,1
.PEFI ME~~XM SY= ’C (eO O0O0OO0~~2~~~,L , 3,c ,O,O ,O ,7
.~~~ri ~~= ‘OO0O0OOC0O0O02~~~,q ,3,0,O ,0,0,7
. rc E t T  INCX ~ X ’ ~ UOOO0OO0OO 0O ’1 ec- ,ei ,3 ,O ,Q ,O ,Q, 7
.~ e E ~~I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~ : ‘ c ~~~~T 1~ - ’ C r C~~0 O 0 0 O O 0 0 2 ~~:, Li , 3 , O , 2 , 0 , O , 7

.
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A P P I - : N D I x J Er ro r  Messages Produced at Assembl_y Time

— Follow in g i s  I c l e sA : r i p t i o n  0 €  all error messones produced  by the cross—

a ssembler , w i t h  poss i b le  C o r r C - c t  ~V C -  a c t i o n s  sugges t ed . All error messages

ar C - on 0- nu t inline-i f a t  c lv  b e I a r C -  t~~ IC- source I inc producing the error .

- 
*5A **A 1IEXCLUSI\’ITY s !-:f CO c E L  [CT

TWO or i-c r -  A~ l i I i A i  ~1 i v cX c  i U S j : 1 - i n s t r u c t i o n s  have been coded f o r

the same program mt-mI -r 1I word . I - i n ~ t ru c t  ions  have b een  i n c l u s i v e

OR 7 ed w h i c h  p r o b a b l y  r C s u I t s  i n  ins~~rA ~ A:t ion other than ei tlicr of

A t l 1 c 1~ L WO c o n f l i c t  l a g  b t t u A - L  ions.

ft ) 
~~~~~~~~~~~~~~~~~~~ T i l - \ ~ 1 IC US [D

Two ins truct ions i n t e n d e d  for t h e  same p rog ram m em o r y  word r e q u i r e

the  use of rhc large IC field . Tl-ie NC-LA IC ’s have he- Sn i n c lu s iv e  OR ’ ed

p r o b a b ly  p r o d u cin g  a t h i r d  IC .

3. ****~~f l . l [ , A l .  COMB IN A 1 [ON

4 
Two in s t r u c t i o n s  a re  t r y i n g  to  set t h e  same b i t , ~vp i c a l lv  i n d i c a t i n g

-* m u l t i p le use of reg isters , w i r e s , etc . The 1 O S L I O C t 10fl5 w i l l  sL i l l  be

OR ’C-d , with proper execution doubtfu l .

~ *****l.O I I R C F  PROGRAM TOO I

An attempt was made t A  assemble code f o r  a m e m o r y  l o c a t i o n  wh o s e

address is greater than the upper limit specified by the .DARCH p I A L A I I C I A I_ o p .

Ass e m b ly  is t e rm i na t ed .

5 ** *A ’I* [ ’
~~D i l I  N i -~I ) l A R L I  nam e

l\ f orward r e f e r e n c e  was n o l e  to in IC ca l l ed  name . h u t  — i t  the id

I I I  nscI ItTlhlV t h~ - v~i I l l  of name had riot vet Nc -en def  ~flc ’Cl
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6 .  ~I ****l ’N i l ) i ~ ’-~ ODl -~ o pc ode

TF io in struct A - c mac lion ic 0c1 CCI ,- was C ued  , h u t  i t  does not  ap p e a r

in t i c  to - e of  A C I I ned is ruc t j U n  mnemonics . r
7 OO***IN\’AL ID ( ) P E R A N I )  u i 1 C- r 3 n d  or opcoae

I he inst runt j A 1  n n em A U A~ A C  cp cod c ap pc -  r o~ w i t h operan d  A A A d C A C I  as  an

A J p C l n i cA c  , hut o p e r a n d  is  no t  an  element of  t h e  operand set fo r  t h i s

I n s t r i c  L I o n .  -op 1 -ra id is i p o A r t  P

- **I A I C * P~~ I E L L  L I  ( I N  opcC ’(e 1\ L R [ A l Y ~ D [F I Ni - :l )

A C  . l ) L F I  at L e ~~p t e d  L A A  d C f  ~ Oe t i c  i n st r u c t i o n m n emo n ic o pcode , hut

o — ~~cn e  i — i s - i i  r e a d y  h cC- l C A C’I lnou - T I l L  new d e f  in i t  ion w i l l  he i g n A  A r

C; *~A * * I N ( ~ l ’Ri ’ ( ~ t p-; L - \ K I . E  FF1 P

:~~i a L tempt t o  d t - I  i n c  an t n st rAlc i fA ll) m n e m o n i c  w i t h  a .DFFI  was made

hut there was ni l  r o o m  i n  t h e  i n s t r u c t i o n  t a b l e  f o r  t h i s  anl ImA ln ic . The

. 0 1 - F T  wi i i  A C I i n lA  A c ed -

1~(J. 
A’I****]~~\i A \ l I J )  A) . )Ni (, 1 i,A\ Sn FOR A A l ~cOd e

A .1)1 - I-] pseudo—c p i t tempted I 0 ~ ef Inc the instruct i A l )  menmon ic  r
A lp :  I d e - , bILL S I A C A i i  CAP t 1~~~c t  A -JlCodc NC - l o n g e d  to  a n o n e x i s t en t  canonic

c la ss  (where n u m b er ~A I C N U 1 I A I 1  i i  - lasses was specif fed in  the .DARCH

pseudo— op)

11 A1dA*~ I * [~~ V I \ J [ l ) A \ l  I l-P-fl’l TO Lh\PLF .\i lif-IESI ~

he operand of  t h e -  . LOg pSC1UCIO_Op i s  i n v a l i d . Lsua  l i v  t h i s  m d i —

ca t -s (h i ther : i i l  i l l  ~ - I c I p t  t o  set  t i l t  l A i d r e s s  cou nter to a V I I I U I  l ess

I f  f

I
- ‘ 0-0- -~~~~~~- -  ~~~~~~~~~ - - _ - —. — - - - -~~~~~ -~~~~~— 0-- _— —~~~~~—~~~~~~~~~ - _

~~~~~~ - -  ---
~~~~~ - . — -— -~~~~~~~~-‘--
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than t h e  current value ‘c tA a value greater than the maximum program

n eniA: rv b eat  i on  as  spec i f  ied b y t lie .DARC H pseudo—op .

12. ***** f ’( ’~ , I fAN T operan- ! OUT OF I . F i l i b

The immed l a t e  c o n s t a n t  ope rand  iS ~ii t 5 i d e  t l i c  limits f i r  the c u r r e n t

c - s t r u c t  i o n .

13. ~****M f S S J ~~F OPFRiINI) FOR o p c od e

The i - ; s t r u c t  io n  i n I A i d C I  has been cod ed  w i t h  110 I n oa f f  i c  i e nt  n u m b C - r

of  o p e r a n d s .  D e p e n d i n g  on the i n s t r u c t i o n  m n e m o n i c  t h e  c r o s s — a s s e m b l e r

L a l v  °r nov not exam i n C  op e r - i n d s t h a t  were coded .

1 -~ . *****‘f()o \~ \~~y i )IA LkA.1 IP~ FOR opc ode

The instruction mnemonic ~pcode has more than t h e maximum allowable

number of operands. Only the first n operand s will be examined , where n

is  t h e  m a x i m u m  number of a l l o w a b l e  op e r a n d s .

15. *****I N\ ’A LID E X C L I ’ S I V [T Y  SF1 FOR opcode

An a t t e m p t  € 1  d C - l i n e  op e od e  w i t h  a .DEFI pseudo—op c o n t a i n s  an - ;
i l l e g a l  ex c l u s iv i ty  A - C t  v a l u e .  The d e f i n i t i o n  of t h i s  i n s t r u c t i o n

m n e m o n i c  i s  i g n o r e d .

16. ***** R~p) l I~~~g~ operand i JR oll I - r :cnd 2

E iLh c r ~,perand l or A c p e r a n d 2 is r e q u i re d  f o r  this instruct ion C

m n e m o n i c  hu t  was not  coded . T h e  A I V I  ilab le operands crj- as sembled .

I)
LA

_ _ _  .
~~~~~~~~~~~~~~~~~~~~~~~~
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17. *****WRONG PLACE FOR OPERAND operand

ilj L- r i nd is A l valid operand for the current instruction and its

position in t h e  l i s t  of  ope rands  i s  e s s e n t i a l  to i t s  m e a n i n g .  The

i n s t r u c t i o n  a p p e ar s  he r e  w i t h  operand coded but  not in the proper posi-

t i o n .  The c r o s s — a s s e m b ler  w i l l  ignore operand.

18. *****[ N\I A \ l ID O C F \ l .  STRING FOR name

name is etti c er an opco d e being defined with a .DEFI pseudo—op or an

operand being defined with i .DOP p seudo—op .  The a c t u a l  b i t  string value

t I be ass i c i c - d  I A  name m u s t  he coded as an oc ta l  c o n s t a n t  b e g i n n i n g  w i t h

an r l p c - S t r A ’phe ( ‘ ) , but  i s  C o d e d  i l l e g a l ly h e r e .  The .DEFI or .DOP is

I g m ’  r I

19. *****RESERVED ~ N l : M o P N :  na me USED AS CONS’I A\NT

name- is a r e s C - r v e d  m n e m o n i c  hut t h e  user has a t t e m p t e d  to use it

e i t h e r  as  a l abe l  or as  an o p e r a n d  w h i c h  must  he an immedia te  c o n s t a nt .

If it is being def ined i i i -  a label the  d e f i n i t i o n  is ignored  and if name

appea rs a l i  an operand a v a l u e  A l  z e r o  is used .

20. *****name MUL TIPLY O L F I N 1 - d )

E i t h e r  name is a label  be ing  d e f i n e d  wh ic h a l read y has been d e f i n e d

or a reference is b e i n g  mad e to a label  fo r  which  m u l t i p le d e f i n i t i o n s

have been given. I f  a d e f i n i t i o n  is be ing  given i t  wi ll  be ignored , and

thu s ~l r e f e r e n c e LA ’ a multip ly defined label will retrieve the value first

ass igned to  tha t label .

(-A )

~

. ~~~~~~~~~~ . - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - 
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2 1. *****5y!~4~ o~ TABLE OVERFLOW FOR name

- - An a t t e m p t  to d e f i n e  t he  label name was unsuccessful since there was

no longer any room a v a i l a b l e  in the  symbol t ab l e .  The use r  w i l l  need to

omit some labels. Currentl y the number of symbols allowed is 1023 minus

A the number of reserved mnemonics.

2 2 .  *****h1NKN Ol~\ CONSTANT name

A reference to name appeared but  name has not yet  been d ef i n e d  and

t h e  c u r r e n t  i n s t r u c t i o n  does not  allow forward referencing. A value of

zero wi l l  be used .

23.  ***** I~ \7Al ID CONSTANT name

The immed iate constant name was cod ed but canno t be d e c i p hered . Typi-

cal l y this indicates a numeric constant containing a non—numer ic character

or a number not allowed in the current base.

Pd . *****CROSS_REFERENCE TABLE FULL

A l abe l  was r e f e r e n c ed but  t h e r e  was no room a v a i l a b l e  to save t h i s

in the  c r o s s — r e f e r e n c e  t a b l e .  The program memory word i s  assembled

• c o r r e c t l y ,  but the c r o s s — r e f e r e n c e l i s t i n g  wi l l  not r e f l e c t  t h i s  v a r i a b l e

r e f e r e n c e .

25 .  *****IC LIMITS EXCEEDED BY CONSTANT WITH FORWARD REFERENCES AT ADDRESSES
numbers

Th is message is produc ed when a label wh ich has been f orward

referenc ed is defined hut is not within allowable limits, numbers is a

l i s t  of a l l  addresses  where  t h i s  label  has been referenced . The address

fields of all addresses listed will not be updated .

~*1’~
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